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brandstofgewig gestook per 
uur; Ibs. dd 

masjienkonstante, dws. dié fak- 
tor waarmee die gemiddelde 
effektiewe druk vermenig- 
vuldig moet word `om die 
indikateurtrekkrag te kry. 


middellyn van die dryfwiele, 
duim. 


— trekkrag, Ibs... 


— trekkrag by die ,,ekonomiesste 


snelheid,” Ibs. 


geindikeerde trekkrag, dws. die 
trekkrag bereken van p, Ibs. 


trekkrag uitgeoefen by die 
velling van die dryfwiele, Is. 


— gewig van die trein, Kaapseton. 


gewig van die trein wat teore- 
ties op `n gelykte getrek kan 
word, Ibs. 


gewig op die draagasse van 
lokomotiefen kolewa, Kaapse 
ton. 


gewig op die dryfasse, dws. 
adhesiegewig, Kaapse ton. 


totale gewig van lokomotief en 
, kolewa, Kaapse ton. 


helling in per duisend. 


E 


K. 
1 


N rd 


- geindikeerde 


— ordinaat tussen 


— arbeidsvermoë, perdekrag. 


— arbeidsvermoë by die ,, ekono- 


miesste snelheid,” PK. 


arbeidsvermoë, 


Pi: 


arbeidsvermoë by die velling 
van die dryfwiele, PK. 


stoomverbruik per perdekrag- 
uur, Ibs. . 


roosteroppervlakte, vierkant 
voet. 

straal van sirkel of bog, voet 
of duim. 


— stoom, 1bs./uur. 


middelpunt 
van die koord en boog, 
duim of voet... 


— spoed, myl per uur. 


— ,,ekonomiesste spoed,” myl per 


UUTr. 


totale weerstand van lokomo- 
tief en kolewa, 1bs. 


— abseis. 


ordinaat. 


— werklike verdamping vir ver-' 


sadigde stoom, lbs. stoom, 
Ibs. kole. 
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— ditto vir oorverhitte stoom. 


— konstante. 


— konstante. 


BV Ee 


n — 


Pi 


konstante. 


middellyn van die silinders, . 
duim. af 

aantal silinders; aantal om- 

wentelinge per sekonde of per 
minuut. 


gemiddelde effektiewe druk. 
Ibs./vierkant duim. 


gemiddelde effektiewe druk by 
die .,ekonomiesste spoed,” 
Ibs./vk. dm. 


gemiddelde effektiewe druk, 
om wrywing te oorwin, Ibs./ 
vk. dm. 


— keteldruk, (ps vk. dm. 


straal van sirkel of bog, vt. 


suierslag, duim. 


— wielafstand of ordinaat, voet 


of duim. 


vaartuigweerstand,lbs./Kaapse 
ton. 


— koërdinate of veranderlikes. 


— doeltreffendheid van ketel. 


Vise) ME 


al] 
is 


INLEIDING 


1. Onder die benaming Lokomotief word gewoonlik nog altyd bedoel die 
Stephensonse tipe van lokomotief. Dit bestaan in hoofsaak uit `n stoomketel 
met vuurkas aan een end en `n horisontale romp met vlampype; `n raamwerk 
waarop die ketel rus en aan die een end waarvan die stoomsilinders vasgesit is; die 
raamwerk rus op verskeie wielasse wat so gerangskik is dat hulle op `n spoorbaan . 
kan loop en almal of `n deel van hulle word direk aangedryf deur die suiers van die 
silinders deur middel van die dryf- en koppelstange. Die dryfwiele dien dus nie 
alleen as dryfwiele in die sin gebruik by gewoonlike stasionêre stoommasjiene nie 
maar gelyktydig ook as draagwiele. Waar teenswoordig ook ander vorme van 
lokomotiewe gebruik word, word dit gewoonlik aangedui deur die voorvoeging van 
'n bepalende woord soos elektriese of diesel. 


2. Alleen die stoomlokomotief word hier behandel en meer besonderlik die 
moderne tipe wat met oorverhitte stoom werk. Alhoewel die lokomotief reeds 
oor `n honderd jaar in gebruik is en 'n mens dus sou meen dat al die reëls omtrent 
sy ontwerp en arbeidsvermoë welbekend sou wees is dit geensins die geval nie en 
ons hoef maar net te verwys na `n artikel in ,, Railway Age” van 28/11/25 onder 
die opskrif ,, Mystery in Locomotive Design ” 1). Dit skyn dus gewens om 'n 
poging aan te wend om reëls neer te lê wat kan dien om die werkvermoë van 
lokomotiewe teoreties te bepaal. 


DIE KETEL. 


3. Die teorie van die ketel sowel as sekere praktiese aspekte is breedvoerig 
behandel in ,, Locomotive Boiler Design : Teory and Practice,” deur M. M. Loubser 
and E. $. Cox. Dit het verskyn in ,, Journal of the Inst. of Locomotive Engineers,” 
No. 144 van Jul.—Aug. 1938, p. 877. 


4. Daarin word gewys dat die hoeveelheid stoom wat beskikbaar is, afhang 
van die hoeveelheid brandstof wat gestook word. As B die gewig kole in ponde is 
wat per uur gestook word en R die roosteroppervlakte in kwadraat-voet dan is B/R 
die stooksnelheid. Hoe groter dit is hoe meer stoom kry ons, maar nie in eweredigheid 
nie, daar die keteldoeltreffendheid met styging van B/R afneem; dan ook gaan 
die temperatuur van die oorverhitte stoom op, maar nie in eweredigheid nie. Vir 
Suid-Afrikaanse kole en kondisies kan B/R—100 1bs./vk. vt.-uur as `n stooksnelheid 
` aangeneem word wat `n redelike hoeveelheid stoom vir `n gegewe grootte van ketel 
gee sonder dat die doeltreffendheid van die ketel te laag daal of die materiaal van die 
ketel te veel ly. 


5. By hierdie stooksnelheid is die keteldoeltreffendheid (m1) ongeveer 62%, 
en dus is die werklike verdamping (Z') 5:8 met kole van `n kaloriese waarde van 
12,000 B.T.U., en `n stoomtemperatuur van ongeveer 600 graad Fah. en `n keteldruk 


1 vgl. ook R.A. 21/7/83, p. 89, ,, Position of the Blast Pipe,” en R.A., 10/3/34, p. 345, en 
Bulletin, Junie 1934, p. 597. ` 
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van omstreeks 200 Ibs./vk. dm. Ons kry dus `n hoeveelheid stoom (5) wat as 
volg bereken word: Me 
oe N : 
5:8 B pond per uur 


en ide daar besondere redes is om ander syfers te gebruik sal dit die grondslag 
wees van die hoeveelheid stoom wat tot ons beskikking staan. 


DIE MASJIEN VAN DIE LOKOMOTIEF. 


- 


6. Die stoom van die ketel gaan deur die silinders waar dit werk op die suiers 
verrig voordat dit as afgewerkte stoom deur die uitlaatpyp en skoorsteen gaan, 
waar dit die laaste nuttige werk verrig deurdat dit die verbrandingsgasse nle 
en so die nodige trek op die vuur veroorsaak. 


7. -Dit bring ons by die kern van die vraagstuk, naamlik hoeveel werk kan elke 
pond stoom in die silinders verrig. 


As d — middellyn van die silinder in duim, 
s slag van die suier in duim, 
D — middellyn van die dryfwiele in duim, 
p — gemiddelde effektiewe druk in pond /vierkantduim, 


I 


dan is, as ons die klein verlore oppervlakte van die suierstang buiten rekening laat, 
die werk wat die stoom op een kant van die suier gedurende een omwenteling van 
die wiele verrig zpd*s/4 voet-pond.. Gevolgelik is die werk verrig op albei kante 
van twee silinders gedurende een omwenteling. 7pd?s voet-pond. Maar as F; die 
TIndikateur-Trekkrag is, dws. die gemiddelde krag uitgeoefen by die omvang van 
die dryfwiele in die geval van `n ideale masjien sonder wrywing, dan is die werk 
wat gedurende een omwenteling van die wiele verrig word F;zD voet-pond. Stel 
ons hierdie twee waardes gelyk dan kry ons 


Fi—p(das/D) oe, so DE ee RR N 


(d*s/D)—G word genoem die Konstante van die masjien en is daardie faktor 

waarmee ons die gemiddelde effektiewe druk (G.E.D.) moet vermenigvuldig om die 

teoretiese trekkrag te kry. j 
' n d?s 

Meer algemeen is (as AE 
2 D 


waar n in die geval van enkelekspansie -masjiene die getal silinders is ; in die geval 
van dubbelekspansie-masjiene is n die getal laagdruk-silinders, d hul middellyn 

n p die G.E.D. van die laagdruk-silinder(s) plus die G.E.D. van die hoogdruk- 
silinders ) gereduseer in die verhouding van die silindervolumes. 


8. Hierdie teoretiese trekkrag word gebruik ter oorwinning van die wrywing 
in die bewegende dele (suiers, kruiskoppe, dryfstange, ens.), die rolweerstand, 
wrywing in die hooflaers, wrywing in die draaglaers, die lugweerstand (in die geval 
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van 'n toetsinrigting waar die dryfwiele op rolle loop val die laaste twee weg en 
dit moet. deeglik in aanmerking geneem word by die gebruik van resultate wat op 
sulke inrigtinge orn ED en eindelik om die trein te beweeg. 


DIÉ VERSKEIE WEERSTANDE. 


9. Die lugweerstand hang af van die oppervlakte van die lokomotief en (vir. 
gewoonlike snelhede) van die kwadraat van die spoed ; dit word gewoonlik aange- 
neem dat dit eweredig is aan die geprojekteerde oppervlakte van voor gesien en. 
dit in die geval van die moderne lokomotief is feitlik gelyk aan die oppervlakte 
van die laaiprofiel.” Om voorsiening te maak vir teenwinde sit ons gewoonlik ongeveer 
12 by V, die spoed van die trein in myl per uur. Die lugweerstand vir `n moderne 
groot lokomotief kan dus aangeneem word as omtrent 0-156(V--12)2 pond. 


10. Vir die draagwiele (lokomotief en kolewa) kan aan hand van die syfers. 

vir trokke aangeneem word dat die gesamentlike laer- en rolweerstand omtrent 

4-5 pond per ton is. (L.W.'Tensy uitdruklik anders aangegee wor d orals met Kaapse 
tonne van 2000 pond elk gereken.) 


11. Vir die dryfwiele is hierdie syfer baie moeiliker om te bepaal omdat afgesien 
van die wrywing as gevolg van die asbelasting daar nog die wrywing is as gevolg 
van die wisselde stoomkragte op die aslaers en boonop nog die wrywing in die aan- 
dryfmeganisme. Verskeie “maniere om hierdie kragte te “bepaal is al aangewend. 
Een van die klassieke metodes wat gebruik is deur Zanzin en andere is om uit te 
vinde op watter vallende helling `n warm lokomotief net sal aanhou lcop as dit aan 
die gang gesit en die stoom afgesluit word : `n ander een is om 'n lokomotief voor `n . 
dinamometerwa te stoot en die weerstand te meet; `n ander een wat baie gebruik 
word is om die onderskeid tussen die ., koppelingstrekkrag,” soos deur `n dinamo- 
meterwa of toetsinrigting gemeet, en die Ee Ve Soos van die indikateur- 
diagramme bepaal, te vind. # 7e 


12. Die eerste twee metodes het die groot nadeel dat die silinders soos kom- 
pressore werk en `n remkrag uitoefen, selfs waar hul van omloopkleppe voorsien 
s; die afhaal van die dryfstange om die saak te verbeter het sy voor- en nadele. 
Die laasgenoemde metode gee vir ons die totale weerstand as `n betreklike klein * 
onderskeid (ongeveer 10%) van twee groot kragte en die eksperimentele fout word 
dus betreklik groot. 


13. In sy bespreking van die moeilikhede om die werklike weerstand van 'n 
lokomotief te bepaal wys Nordmann op die moontlike foute in die indikateur- 
diagramme as gevolg van die elastiese rekking van die lyn by hoë snelhede 2). 
Hy gee verder aan die hand dat deur grafiese voorstelling van die verskeie waardes 
van die koppelingstrekkrag op die gelykte vir dieselfde spoed en ook die ooreenstem- 
mende indikateurtrekkrag aangevul met die indikateurtrekkrag as die lokomotief 
sonder vrag loop dit moontlik is om die basiese weerstand te bepaal asook die 
vermeerdering in hierdie weerstand as gevolg van die vermeerdering van die koppel- 
ingstrekkrag; hy wys egter daarop 2) dat die resultate nie baie oortuigend is nie 
en dat terwyl die faktor deur Strabl aangegee (vgl. volgende paragraaf) as gelyk 
aan “04 nie `n onwaarskynlike waarde is nie, daar tog genoeg uitsonderings is om 
te bewys dat dit nie as `n algemene reël beskou kan word nie. 


1 Organ 15/5/30, p. 244. 
2 Organ 15/5/30, p. 247; Lg 16/7/43, p. 56. 
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14. As gevolg van verskeie toetse het Obergethmann die volgende formule 
vir die totale weerstand van `n lokomotief met kolewa aangegee: 


W s— 0-156(V4-12)2--6GL-HAOHOOAFG ee se (2) 
waar W  — totale weerstand van lokomotief en kolewa in ponde, 
'G — totale gewig van lokomotief en kolewa in ton en gelyk 
aan G;,--G, (vel. verder aan) 
a — 8:9 8-7 en 4:0 vir ses, ag en tien dryfwiele onderskeidelik. 


Strahl se formule 1) is 


W — BG,--eG,-4-0-156 (V--12)2-HOOAFL es ees (8) 
waar G, — gewig op draagwiele in ton, 
G, — gewig op dryfwiele in ton, 
c — n konstante met volgende waardes: 
P TABEL 1. 
Aantal dryfwiele... d 6 8 10 
Twee silinders... 11-6 14:6 16-8 18-6 
Vier silinders . ... 12-0 ; 15-0 17:9 19-0 


15. As ons hierdie twee formulessvergelyk dan sal ons sien dat vir gewoonlike 
kondisies, soos hul was in Duitsland in 1910, Obergethmann se formule eintlik 
dieselfde is soos die van Strahl want met `n keteldruk van 189 1b./vk. dm. en 'n 


wrywingsfaktor tussen wiel en spoor van 1:4:5 by `n trekkrag bereken met . 


p—75% van die keteldruk kry ons: 


4-5%X 1850 — G,X 2000 
of AR ( sd Gy 
dus 5 Gat — 5(G,-G,)-A3- Ba, 
— BGHI8-AG, (vir 10 dryfwiele). 


Daar Strahl se formule egter meer logies is en meer geskik is vir aanwending ie 


buitengewone gevalle sal ons dit gebruik en ons moet, net nog sy oen ee, krities 
ondersoek. 


16. Die koëffisiënt van G, sal dieselfde wees as vir swaar trokke daar meeste 
van die draagasse halslaers aan die buitekant het net soos trokke en dit is dus waar- 
skynlik dat dit 4-5 in plaas van 5:0 pond per ton sal wees. Die koëffisiënte van 
F; en (, is die twee moeilikes om te bepaal ; vir hierdie doel skyn dit die beste 


1 Strahl, Steuerung, p. 63. 


) 


sop 


1H 


te wees om die resultate van die Altoona-toetse te ontleed daar by hulle die ander 

dele van die weerstand wegval, die indikateurdiagramme besonders sorgvuldig en 

die verskeie lesings onder konstante kondisies geneem kon word. Selfs hier, egter, 

moet onthou word dat daar afgesien van indikateuronjuisthede nog twee ander 

moontlike bronne van foute bestaan ; die een is dat by hoë snelhede die inrigting 
soms begin skud het sodat die toetse nie lank kon aanhou nie en die laers dus moontlik 

nie die normale temperatuur bereik. het nie; die ander is dat by hoë waardes van 

die trekkrag die grens van die toetsinrigting bereik is en, onder andere, foute ontstaan 

het deurdat die wiele nie presies loodreg oor die draagrolle was nie *). 


17. Die volgende metode vir die ontleding van die resultate is gebruik : 


Op die toetsinrigting is W — ce G,-HX F; 
— GGAHX pC 


maar vir enige gegewe lokomotief het G, en CO vaste waardes en dus 'n konstante 
verhouding tot mekaar; dus kan ons sê 


eG6,—bO 


as ons verder stel W — pt C, waar pe daardie gedeelte van p is wat deur wrywing . 
verlore gaan, dan is 


peO—bOXpO 
dus pe ss b-rP 
waar b — eGSG MERE RE ORE EE RR N EE Ee EP 


18. As ons nou die waardes van die wrywingsweerstand soos aangegee in die 
Altoona-toetsresultate deel deur C om die waardes pr te kry en hierdie waardes 
grafies voorstel met die waardes van p as basis, dan kan ons b bepaal en ook sien 
of 0-04 die korrekte waarde van Xx is. Dit is gedoen vir al die lokomotiewe waar- 
voor gegewens beskikbaar was en die resultate word weergegee in Tabel IT. 


19. Dit was duidelik dat x, terwyl dit in een of twee gevalle groter moes wees 
as 0-04, in verskeie gevalle omtrent reg was; maar daar was ook sommige gevalle 
waar dit nul of selfs effens negatief moes wees. In hierdie verband is dit van belang 
dat Nordmann skynbaar soortgelyke gevalle gekry het in verband met toetse in 
Duitsland uitgevoer.) Daar kan egter met sekerheid aangeneem word dat in die 
meeste gevalle daar een of ander eksperimentele fout moet wees.3)' So was. party 
waardes buitengewoon hoog in vergelyking met die ander en by sommige van hierdie 
was die rede duidelik daar aangegee nl. dat die lokomotief lank gestaan het en 
die laers koud was.”) Dit was dus aangeneem dat x—(-(04 die regte waarde is en 
die lyn wat pr—b--xp moes voorstel dienooreenkonstig getrek om so na as moontlik 
deur die verskeie punte te gaan en so is b bepaal. 


1 Altoona, 32, p. 70. 

2 Organ 15/5/30, p. 247 ; vel. ook paragraaf 138; Eg 16/7/43, p. 55. 
3 Val. paragraaf 13 en 16. 

1 St. Louis 3000 T 1, 80 omwentelinge. 
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20. As ons die waardes, deur Strahl aangegee vir c, korrigeer sodat hul eweredig 
is aan die aantal dryfasse dan kry ons die volgende syfers : 


TABEL TIT. 
| Ee 
Getal dryfwiele de d 6 8. 10 12 
Twee silinders EE 12-6 14-6 16-6 18:6 Ef 
Vier silinders ... ' 13:0 | 15-0 17:9 19:0 21-0 


Hierdie waardes is gebruik vir die Strahlsyfers (kolom 8) in plaas van die in tabel T 
aangegee. Die waardes van b (kolom 7) word dan bereken volgens vergelyking (4). 
Deur die waardes van b soos deur die grafiek bepaal te deel met die waarde van b 
soos deur vergelyking (4) bepaal kry ons die verhoudings in kolom 9 aangegee. 


91. As ons die” gemiddelde vind van hierdie waarde dan kry ons 1-14' vir 
olie-gesmeerde en 1-74 vir ghries-gesmeerde lokomotiewe. Hiervan lei ons af dat 
die Strahlsyfers 15 9%, groter moet wees as aangeneem in die geval van olie-smering 
en buitendien dat in die geval van ghries-smering die waardes die helfte groter is 
as by olie-smering. 


99. Die finale formule vir die lokomotiefweerstand is dus: 
W — 4:5 G, HeG, 0156 (V-122 HOOF; .. (5) 


waar c die volgende waardes het vir olie-smering en 50% groter vir ghries-smering. 


TABEL IV. 
Aantal dryfwiele `  .. 4 6 8 10 | 12 
Twee silinders Pi 14-5 16-8 19-1 214 23-7 
Vier silinders ... 15-0 17-3 19-6 21-8 | 4.9 


93. Die dinamometerwa van die S.A. Spoorweë is uitgerus met 'n versnellings- . 
` meter, wat die gekombineerde hellings- en versnellingskomponent wys in pond 
per ton. As ons hierdie waarde met die gewig van die lokomotief en kolewa vermenig- 
vuldig dan kry ons die waarde van hierdie komponent vir die lokomotief en kolewa 
in ponde. Die som van hierdie komponent en die koppelingstrekkrag soos in die 
dinamometerwa gemeet is gelyk aan die “ koppelingstrekkrag op 'n gelykte ” by 
konstante spoed. Van die indikateurdiagram kan ons die G.E.D., p, kry en pC 
is gelyk aan die indikateurtrekkrag. Die onderskeid tussen hierdie waarde en die 
,, koppelingstrekkrag op `n gelykte ” is die lokomotiefweerstand vir daardie gegewe 
oomblik. Alhoewel, soos reeds verduidelik, hierdie waarde onderhewig is aan n 
aanmerklike eksperimentele fout is tog gevind dat die waardes op hierdie manier 
bepaal 'n redelike ooreenstemming toon met die waardes SOOS bereken volgens 


vergelyking (5). 
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924. Die Berekende 'Trekkrag of kortweg 'Trekkrag van `n lokomotief is die 
masjienkonstante, (, vermenigvuldig met 75% van die keteldruk (die Amerikaners 
gebruik gewoonlik 85%, en die Duitsers soms 60%). Dit word gewoonlik beskou 
as `n syfer wat kenmerkend is van `n lokomotief en sy werkverrigting. Dit word 
ook gewoonlik aangeneem dat hierdie krag die maksimum is wat beskikbaar is om 
die lokomotief en trein te beweeg by klein snelhede. As ons die G.E.D., soos by die 
grootste (75 of 80%) vullingsgrade verkry, gebruik om die indikateurtrekkrag te 
bereken en dit met die berekende lokomotiefweerstand verminder dan kry ons 
ongeveer hierdie waarde. In die praktyk egter kan hierdie toestand alleen verkry 
word wanneer `n groot vrag teen `n steil helling getrek word of wanneer die trein 
versnel word, sodat die hellings- en/of versnellingskomponent op die lokomotief 
en kolewa afgetrek moet word van hierdie waarde. Die gevolg is dat hierdie berekende 
trekkrag baie selde werklik bereik word as koppelingstrekkrag by dinamometerwa- 
toetse, maar dit word wel bereik by toetse op `n toetsinrigting. 


95. As ons twee masjiene het een waarvan by 60% vullingsgraad dieselfde 
gemiddelde koppelingstrekkrag het soos `n ander as gevolg van kleiner silinders 
by 80%, vullingsgraad dan kan bewys word, of deur afleiding van `n tangensiaal-' 
diagram van die indikateurdiagramme Of deur werklike meting van die koppelings- 
trekkrag (liefs op `n toetsinrigting), dat eersgenoemde `n kleinere afwyking van die 
gemiddelde waarde van die trekkrag toon. . Hiervan kan ons aflei dat die werklike 
maksimum waardes van die trekkrag groter is in laasgenoemde geval; verder as 
die twee masjiene dieselfde wrywingsgewig het dan sal, as hul onder dieselfde 
kondisies werk, laasgenoemde `n grotere neiging hê om te gly. Sy berekende trek- 
krag, egter, sal kleiner wees. As ons. dus by eersgenoemde sy vrag vermeerder 
in verhouding tot sy berekende trekkrag sal hy meer gly; as ons egter altwee 
dieselfde vrag gee sal hy minder gly en dus `n beter masjien wees. Dit is `n baie 
belangrike feit wat dikwels oor die hoof gesien word of nie goed begryp word nie 
en bring ons tot die veelbestrede vraag van die doelmatigste silinderafmetings. 


DIE VOORDELIGSTE SILINDERAFMETINGS. 


26. By sommige ontwerpers is dit die reël om die silinders so groot te maak 
dat die Adhesiefaktor, dws. die verhouding van die berekende trekkrag tot die 
gewig op die dryfwiele nie groter is as 1:4 nie; die rede is om te verhoed dat die 
wiele gly met die wegtrek met 'n vullingsgraad van 80%. In die geval van (Sarratt- 
lokomotiewe is die gewone praktyk om die adhesiefaktor 1:4 te maak bereken 
as die lokomotief sonder voorrade is met die gevolg dat die silinders gewoonlik 
te klein is soos later sal verduidelik word. Die uitdrukkings ,, die ketel is te klein 
of te groot ` of ,, die silinders is te klein of te groot ” word dikwels gebesig sonder 
dat presies aangegee word wat die standaard is en daar ontstaan altyd omstandighede. 

waar die een of ander uitdrukking skynbaar geregverdig is. 


27. Die volgende skyn `n logiese metode om die relatiewe afmetings te bepaal- 
Eers word bepaal die grootste aslas wat die spoorbaan sal toelaat en die aantal 
dryfasse wat nodig is vir die vereiste doel; die aantal draagasse word gewoonlik 
bepaal deur konstruksionele vereistes en in die algemeen word hul getal natuurlik 
beperk sovér as doenlik. Met inagneming van die gewig wat toelaatbaar is word 
die ketel so groot as moontlik gemaak daar die stoom, in `n tydperk wat al hoe meer 
spoed vereis, altyd goed gebruik kan word op die lang opdraandes. Die verdampings- 
oppervlakte word gewoonlik beperk tot omtrent 50 maal die roosteroppervlakte *) ' 


1 Jour. L.E. No. 144, 19838, p. 883. si; 
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om aldus `n rooster te kry wat in verhouding so groot as moontlik is; die grootte 
van die dryfwiele word bepaal van die gewone en hoogste snelhede wat verwag 
word en wel so dat snelhede van meer as 10 myl per uur vir elke voet van wielmiddel- 
lyn min of meer die uitsondering sal wees. `Die masjienkonstante word dan so 
bepaal dat die adhesiefaktor 1:3-7 of selfs 1:3-6 is en hiervan en van die middellyn 
van die dryfwiel kan die volume van die silinder bepaal word. (In gevalle waar daar 
baie swaar opdraandes is, is dit selfs aan te beveel om gebruik te maak van 'n 
65% maksimum vullingsgraad en klein gaatjies wat dien as wegtrekstoompoorte. 
In hierdie geval moet die trekkrag bereken word met omtrent 70%, van die keteldruk 
vermenigvuldig met die masjienkonstante. Dit moet egter aangedui word dat die 
wérklike G.F.D. by enige vullingsgraad nie alleen verander met die snelheid nie maar 
ook verskil van masjien tot masjien en dus baie willekeurig is ; vgl. ook paragraaf 89.) 


28. Dit sal gevind word dat `n masjien wat na hierdie gesigspunte ontwerp 
is die grootste trekkrag, wat dit kan uitoefen sonder om te dikwels te gly, sal gee 
met omtrent 60 tot 65%, vullingsgraad ; dus kan nie gesê word “* die silinders is te 
klein ”' nie : daar dit buitendien die stoom nog met redelike doeltreffendheid gebruik 
by hierdie vullingsgrade en ons boonop `n taamlike spoed teen die hellinge sal kan 
verkry (en in elk geval die hoeveelheid stoom die meeste is wat gewigsbeperkings 
toelaat om te kry) kan ook nié gesê word dat ,, die ketel te klein is” nie. 


99. Die afmetings aldus bepaal moet nog verder krities ondersoek word in 
verband met ander vereistes en aan hand van wat nog volg. So byvoorbeeld sal 
ons in die geval van rangeerlokomotiewe wat gedurig met groot vullingsgrade (80%) 
moet wegtrek die adhesiefaktor omtrent 1: 4:0 maak daar hul anders te veel sal gly. 
In die geval van lokomotiewe vir ligte sneldienste op plat trajekte mag afwykings 
ook nodig wees.!) 

30. In die algemeen egter sal gevind word dat vir lande soos Suid-Afrika, waar 
die opdraandes baie en swaar is en die lokomotiewe liefs geskik moet wees vir goedere- 
sowel as vir passasiersdienste, dat die voorgestelde metode die beste verhoudings 
in die meeste gevalle gee. 


DIE WERKVERRIGTING VAN DIE LOKOMOTIEF. 


31. Dikwels as van werkverrigting gepraat word dan word nadruk gelê op die 
trekkrag wat verkry kan word met `n gegewe vullimngsgraad by `n sekere snelheid ; soos 
later sal verduidelik word is dit nie van so groot belang nie daar in die meeste gevalle 
die vullingsgraad eenvoudig groter gemaak kan word, indien nodig ; wat wel van 
belang is is die maksimum werkverrigting met die beskikbare stoom. 

392. Ons het TED E, 
en as hierdie krag uitgeoefen word teen `n snelheid V myl per uur dan is die Indika- 
teurarbeidsvermoë, N;, in perdekrag gegee deur 

MEE SIDE ii niese Bes ad (6) 
As $ die hoeveelheid stoom is wat gebruik word in pond per uur, dan is die verbruik 
van stoom, @, in pond per perdekrag-uur: 

BEES ORE ES ME ee de is so 7) 
Op dieselfde manier kan ons deur die indikateurtrekkrag té verminder met die 
lokomotiefweerstand die koppelingstrekkrag, F, kry en dus die stoomverbruik (en 
koleverbruik) per.koppelingsperdekrag-uur bereken. 


1 Garbe, p. B2. 
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33. Die ..Koppelingsperdekrag-ure ` soos bepaal in dinamometerwa-toetse 
word deur `n planimeter of integrator afgelei van die ., koppelingstrekkrag SOOS 
aangeteken deur die dinamometer en'is hierdie krag, $', gewysig deur inagneming 
van enige hellings- en versnellingskomponente op die lokomotief en kolewa sowel 
as die lokomotiefweerstand voorheen genoem. .Die waarde is dus afhanklik o.a. 
van die verhouding in gewig van die trein tot die van die lokomotief. Dit is dus 
nie `n goeie vergelykingseenheid nie. `n Eenheid wat minder afhanklik is van 
hierdie faktore is die stoomverbruik per ,, effektiewe perdekrag-uur,”. waar die 
effektiewe perdekrag-ure as volg afgelei word : ons beskou die lokomotief gedeeltelik 
as `n masjien vir die ontwikkeling van trekkrag by die loopvlak van die dryfwiele 
en gedeeltelik as `n vaartuig en ons neem aan dat, as `n vaartuig, dit net so baie 
krag per ton nodig het om dit voort te beweeg as die res van die trein. As ons dus 
die aantal perdekrag-ure soos in die dinamometerwa aangeteken verhoog in die 
verhouding (totale gewig van lokomotief en trein) tot (gewig van trein) dan kry 
ons die hoeveelheid effektiewe perdekrag-ure wat deur die lokomotief as `n gewone 
masjien beskou ontwikkel word by die loopvlak van die dryfwiele. 


34. Vir werklike toetse is dit `n baie gerieflike eenheid en kan baie makliker 
verkry word as die geindikeerde perdekrag-ure. Die koppelingsperdekrag-ure word 
van die koppelingstrekkrag afgelei deur `n outomatiese integrator en in die dinamo- 
meterwa aangeteken ; die verhouding van die twee gewigte is bekend en dus kan die 
effektiewe perdekrag-ure geredelik bereken word. 'Tndikateurdiagramme is nie 
altyd beskikbaar nie daar dit veel voorbereiding vereis om hulle te neem en boonop 
vereis dit heelwat werk om hulle uit te meet. Selfs dan nog bly die kondisies nie 
konstant by gewone baantoetse nie en kan 'n stel diagramme hoogstens elke vyf 
of selfs tien minute geneem word en moet ons dan die geindikeerde perdekrag-ure 
aflei van die koppelingsperdekrag-ure deur `n verhoudingsyfer gebaseer op die 


gemiddelde van een omwenteling uit elke duisend of meer. Hierdie kunsmatige 


eenheid is dus nie alleen baie gerieflike vir praktiese doeleindes nie maar waarskynlik 
ook `n akkurater eenheid (in die geval van baantoetse) om die werkverrigting van 
verskeie lokomotiewe te vergelyk en word gereeld gebruik by die beoordeling van 
toetse uitgevoer deur die dinamometerwa van die S.A. Spoorweë. 


35. Die Duitsers voer gewoonlik hulle toetse uit oor `n baie gelyke trajek 
deur remlokomotiewe, in plaas van 'n trein, agter die dinamometerwa, te koppel; 
hul maak dan `n korreksie vir die totale wins of verlies van potensiële energie tussen 
die aanvangs- en endpunt ; hulle noem die so gekorrigeerde koppelingswerkverrigting 
die effektiewe werkverrigting en dit is gelyk aan dié hierbo so genoem minus die 


nodige werk om die rol- en laerweerstand sowel as die lagweerstand van die lokomotief . 


en kolewa as vaartuie te oorwin en is dus kleiner. Dit skakel dus nie heeltemal 
die effek van die gewig van die lokomotief uit nie en is nie so na aan die geindikeerde 
perdekrag-ure soos dié hierbo afgelei nie. Waar dus deur verskeie skrywers van 
, effektiewe ”' werkverrigting gepraat word dien gelet te word op die presiese 
definisie van die uitdrukking. - 

36. Om tot enige algemeen toepasbare reëls te gelang sal dit beter wees om 
eers die stoomverbruik per indikateurperdekrag-uur té bestudeer. By gewone 
baantoetse, waar die kondisies gedurig verander is dit baie moeilik om enige reëls 
af te lei omtrent `n hoeveelheid wat varieer met sowel die vullingsgraad as die spoed 
om nie eens van die temperatuur van die stoom te praat nie. Lomonosoff het dit 


aka 
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reggekry by sekere toetse wat hy in Rusland 1) uitgevoer het om. deur geskikte 
uitsoek van sekere trajekte en vragte en deur middel van die remme die vullingsgraad 
en spoed konstant te hou ; hierdie metode kan beter en goedkoper toegepas word 
deur elektriese lokomotiewe, wat met regenerasie-inrigting uitgerus is, as vrag te 
gebruik *); die Duitsers het hierdie metode baie suksesvol toegepas deur as vrag 
een of meer stoomlokomotiewe te gebruik wat met Riggenbachremme uitgerus is )- 
(dws. die lokomotief werk as `n kompressor). Tn die geval van `n toetsinrigting 
soos die by Altoona skyn die vraagstuk om waardes vir `n gegewe stel kondisies te 
kry betreklik maklik en die beste beskikbare gegewens is waarskynlik die wat in 
die Altoona Bulletins gepubliseer is. Die resultate wat verkry is met die nuwe 
Duitse metode gee soortgelyke data vir toestande soos dit werklik op die spoor 
gekry word (sien paragraaf 35) maar ongelukkig is die syfers nie maklik toeganklik 
nie. 


37. Obergethmann, gewese professor vir lokomotiefbou aan die Charlotten- 
burgse Hochschule, het tot die gevolgtrekking gekom dat die stoomverbruik per 
perdekrag-uur afhang van die gemiddelde effektiewe druk *) sowel as die keteldruk 
en die oorverhitting van die stoom en het die volgende metode aangegee om die 
werkverrigting van `n lokomotief te bepaal : `n Redelike stooksnelheid word aan- 
geneem en van die bekende `verdampingsyfer by daardie stooksnelheid word die 
hoeveelheid stoom wat per uur beskikbaar is bereken. Die waardes van p' waarby 
die stoom op sy voordeligste gebruik word en die hoeveelheid verbruik per 
geindikeerde perdekrag-uur was as volg aangegee: 


p'. Ib./vk. dm. | @, Ib./PK-uur tipe 
59 e 62 24-4 enkelekspansie ; versadigde stoom 
56 tot 59 21-2 dubbelekspansie ; versadigde stoom 
53 tot 56 15-4 enkelekspansie ; oorverhitte stoom 
50 tot 53 14-8 res End oorverhitte stoom Ë 


vir `n keteldruk van 180 Ib./vk. dm: en 615” Fah. vir oorverhitte stoom. As ons 
die totale hoeveelheid stoom beskikbaar deel deur (), soos hierbo aangegee vir die 
mees ekonomiese G.E.D. (p”), dan kry ons die maksimum perdekrag van die ketel 
(N); deur hierdie waarde van p' met (' te vermenigvuldig kry ons die geindikeerde- 
trekkrag (F') by hierdie vermoë en van die twee kan ons die ooreenstemmende 
snelheid (V”) bepaal van die vergelyking F'xX V'/875—N'. Hierdie spoed (V) 
word genoem die ,, mees ekonomiese spoed `”; vir enige ander spoed is die gein- 


1 Lomonosoff. ! 
2. RA. 1924, II, p. 788; Garbe, p. 55... 
3 'Glaser, 15/5/30, p. 243. 


4 (laser, 1/12/28 ; Voorlesingsaantekeninge. 
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dikeerde perdekrag wat ontwikkel kan word minder en die waardes is as volg 
aangegee: 


Vas % van VY... 40 50 60 70 80 90 100 110 180 * 
N as % van N”... 78 83 87 91 95 98:5 100 98-5 95 
F as 9% van F' ... 195 166 145 1380 119 109-8 100 89-7 19-2 


Vir jare was hierdie syfers. die grondslag van die berekeninge van die verwagte 


werkverrigting van lokomotiewe. Professor Nordmann, Obergethmann se opvolger, 
wys daarop dat hierdie metode vergeleke met die jongste toetsresultate nie bo 
kritiek verhewe is nie. 


38. 'Ten einde hierdie teorie te toets en ook met die doel om, indien moontlik, 
meer vertroubare syfers te kry is die Altoona toetsdata geanaliseer en krommes 
getrek om die verandering van die stoomverbruik te wys in afhanklikheid van 
verskeie ander faktore, o.a. vir elke snelheid, n,, n, ns, ens., bereken in omwentelinge. 
per sekonde; die waardes van () is grafies voorgestel met p as basis; `n series van, 
krommes is gekry wat, weliswaar, `n relatiewe minimum vir elke snelheid gewys 
het maar geen gemeenskaplike minimum nie; en selfs die laagste minimum was 
nie eens by benadering by dieselfde waarde van p vir verskillende lokomotiewe nie; 
buitendien was hierdie waarde nie enigsins naby die deur Obergethmann aangegee 
nie. Verder was die stoomverbruikwaardes in die algemeen heelwat hoër as deur 
hom aangegee. Dit is dus heeltemal duidelik dat hierdie teorie verkeerd is en 
dat die verbruiksyfers te laag is. 1) As ons hulle verander na 18 en 27 pond per 
indikeerde PK-uur vir oorverhitte en versadigde stoom onderskeidelik dan mag 
die metode `n eerste benadering aan die waarheid lewer maar meer ook nie. 


39. 'Terwyl Strahl *) besig was om toetsresultate te bestudeer het hy voor die 
volgende teenstrydighede te staan gekom : om die ,, uitrek of smooreffek van die 
bosskuif op die stoom by die inlaatpoort te verminder is sekere lokomotiewe met 
die 'Trickskuif met dubbele inlaatpoorte uitgerus. In teenstelling met alle verwag- 
tings was geen verbetering in die stoomverbruik te bespeur nie en dit is toe besluit 
om maar terug te gaan na die eenvoudige bosskuif van een standaard grootte vir 
alle groottes van silinder. 'Tot Strahl se verbasing was daar geen merkbare toename 
van die stoomverbruik nie, selfs nie met die grootste silinders nie. (Om die rede 
hiervoor te kry het Strahl `n ingewikkelde teoretiese ondersoeking aangepak om 


` vir 'n klein silinder en vir `n groot silinder die gemiddelde effektiëwe drukke te 


bereken, die geindikeerde perdekragte en stoomverbruike vir verskeie vullings- 
grade en snelhede. Uitendelik het hy grafiese voorstellinge gegee van die stoom- 
verbruik per 100 liter silinderinhoud en uur teenoor die geindikeerde perdekrag 
vir dieselfde silinderinhoud vir 1, 2,3, 4, en 8 omwentelinge per sekonde en krommes 
gekry soortgelyk aan die in figuur 1. Die verskeie vullingsgrade kan op die krommes 
aangedui word maar dit is nie noodsakelik nie. Strahl het gevind dat hierdie 
krommes binne redelike perke dieselfde was vir die groot en die klein silinder buiten 
dat die vullingsgrade langs die kromme verskuif moes word; word hul weggelaat 


1 Nordmann, Glaser, 1996, No. 1186, en Des., 1928. 
2. Strahl, Steuerung. 
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dan is die krommes van toepassing op alle lokomotiewe, wat ook al hul silinder- 

grootte mag wees en dus ook afgesien van die grootte van die bosskuiwe en veral 

onafhanklik van die vullingserade. Hul veroorsaak altyd moeilikheid daar die 

nominale vullingsgraad selde ooreenstem met die van die EL EE en 

dit is boonop.dikwels nie presies bepaal nie. 


40. Hier is dus skynbaar `n oplossing van `n ingewikkelde vraagstuk. Hierdie 
ondersoek met sy verdere ontwikkelinge is gekry tussen Strahl se papiere na sy dood 
en toe uitgegee in sy naam ; ongelukkig is daar sekere punte wat nie heeltemaal 
duidelik is nie; so byvoorbeeld stem sekere dele van die teks en die diagramme 
nie heeltemal ooreen nie en Nordmann wys op hierdie en andere foutjies in sy 
kritiek van die werk. Nogtans is daar een baie interessante feit in verband met 
hierdie werk en dit is dat as die Altoona-toetsresultate grafies voorgestel word volgens 
hierdie metode dan is daar `n opvallende ooreenkoms in die vorms van die krommes 
al is die werklike waardes nie dieselfde nie en altwee toon aan, in teenstelling met 
wat Obergethmann geleer het, dat vir `n gegewe hoeveelheid stoom die geindikeerde 
perdekrag toeneem met die spoed nie net tot 'n sekere punt nie maar tot by die 
gebruiklike maksimum snelhede. 


41. Weens hierdie opvallende ooreenstemming tussen resultate verkry deur 
reine teoretiese navorsing en resultate wat rein eksperimenteel verkry is sonder 
enige teoretiese vooroordeel is tot die besluit gekom dat `n sorgvuldige ontleding 
van die Altoona toetsresultate volgens hierdie metode die moeite werd sou wees 
met die oog daarop om, indien moontlik, `n standaardstel krommes te vind wat 
algemeen geldig sou wees.- 


' 

49.. Die eerste moeilikheid was dat die toetse met enige enkel masjien uitgevoer 
selde die hele gebied gedek het en verder dat dikwels die uiterste waardes (klein 
vullingserade teen lae snelhede en groot vullingsgrade teen hoë snelhede) ontbreek 
het, sodat dit moeilik gegaan het om presiese krommes te trek. `n Ander moeilik- 
heid was dat nie alle lokomotiewe dieselfde graad van stoomoorverhitting of dieselfde 
keteldruk gehad het nie. 


43. 'Ten einde `n gemeenskaplike basis te kry is die volgende metode aange- 
wend : `n stooksnelheid van 100 pond kole per vierkant voet rooster per uur met 'n 
ooreenstemmende verdamping van 5:8 pond water vir elke pond kole is aangeneem 
as die grens van wat aanhoudend van die ketel verlang kan word ;. (met `n verhouding 
van '1 tot 50 van  verdampende oppervlakte tot roosteroppervlakte stem dit 
omtrent ooreen met 'n spesifieke verdamping van 11:6 pond stoom P vierkant 
voet oppervlakte, wat naasteby dieselfde is as die syfer deur Nordmann 1) aangegee.) 
Die hoeveelheid stoom, wat ontwikkel word, gedeel deur die silindervolume (van 
een silinder in die geval van `n tweesilinder-masjien) gee die hoeveelheid stoom 
wat beskikbaar is per kubieke voet en uur as die lokomotief tot op kapasiteit werk. 
Dit moet onthou word dat in werklikheid hierdie stoom en die werkverrigting tussen 
twee silinders verdeel moet word en die werklike waardes per kubieke voet net die 
helfte is maar die berekeninge is geriefliker deur hierdie metode toe te pas. Deur 
die waardes van die stoomtemperatuur teenoor die waardes van die stoomhoeveel- 
heid grafies voor te stel kan die EA, vir die stooksnelheid van 100 1b./vk. 
vt.-uur gekry word. 


1 laser, 1/12/28 ; vgl. ook paragrawe den 27. 
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44. Strahl het van toetse deur die Duitse Spoorweë uitgevoer afgelei dat `n 


besparing van 1%, in stoomverbruik teweeggebring word deur elke 35 pond per 
vierkant duim waarmee die keteldruk verhoog word of deur elke 9 graad Fahrenheit 
waarmee die stoomtemperatuur verhoog word. 1) As ons aanneem dat dit so is (en 
dit word taamlik algemeen gedoen) dan kan ons die krommes reduseer tot 'n gemeen- 
skaplike standaard van 200 1b./vk. dm.-keteldruk en 600” Fah.-temperatuur. Op 
hierdie manier is figure 1 tot 6 verkry. Met verwysing na figuur 1 sien ons dat die 
stoom, wat by `n stooksnelheid van 100 beskikbaar is, 4720 1b./vt.S-uur is; die 
temperatuur by hierdie stooksnelheid is 625” Wah. en die keteldruk 205 Ib./dm.2; 
625” gee `n besparing van 25/9—8%, en 5 Ib./dm.2, `n besparing van 1%; dus `n 
totaal van 4%, ; ons moet gevolglik al die stoomwaardes met 4%. vermeerder om 
die krommes na die gemeenskaplike standaard te reduseer. Die gekorrigeerde 
krommes. word in dieselfde figuur gewys meer na regs daar die oorsprong van die 
abscisse verskuif is om die twee groepe van mekaar te skei. Die snelhede word 
aangegee in omwentelinge per minuut. Nadat die gekorrigeerde krommes vir al 
die lokomotiewe, waarvoor gegewens beskikbaar is, so verkry is word vir elke spoed 
die krommes bo-op mekaar gelê (figure 7 en 8) en alhoewel, soos verwag kan word, 
die ooreenstemming nie perfek is nie is dit nogtans voldoende om die gebruik van 
hierdie metode te regverdig totdat `n beter een beskikbaar is, of totdat beter gegewens 
beskikbaar is om hierdie krommes te verbeter. Figuur 9 gee die finale krommes 
vir `n stoomtemperatuur van 600” Fah. en `n keteldruk van 200 1b./dm.2 sowel as 
vir `n keteldruk van 180 1b./dm2. 


45. As 'n lyn van die oorsprong na enige punt op een van hierdie krommes 
getrek word dan is die ordinaat wat dit afsny op die 100 1b./vt.3 abseis gedeel deur 
100 die spesifieke stoomverbruik vir daardie punt en dit is duidelik dat die punt, 
waar die raaklyn deur die oorsprong die kromme raak, die punt van minimum 
verbruik vir daardie snelheid is; as dus vir enige lokomotief die toetsresultate op 
hierdie manier voorgestel word en die vullingsgrade word op die krommes gemerk 
dan kan die mees ekomoniese vullingseraad, vir sover dit indikeerde werkvermoë 
betref, bepaal word vir elke snelheid. In figuur 1 is die lyne vir spesifieke verbruike 
van 16, 18, en 20 IbL./I./PK-uur getrek. Wat van meer belang is, egter, is die mees 
ekonomiese vullingsgraad vir elke snelheid met betrekking tot die effektiewe werks- 
vermoë. Volgens die Duitse metode van toets op die spoorbaan word die werks- 
vermoë gemeet agter die kolewa en gekorrigeer vir die gemiddelde helling ,, effek- 
tiewe werksvermoë” genoem.) By die Altoona-toetse (dryfwiele op geremde rolle) 
is die ,, koppelings-werksvermoë ` ekwivalent aan die werksvermoë by die loopvlak 
van die dryfwiele (N,) en word dit daar as ,, effektiewe werksvermoë ” beskou.) 
Daar N., wat byna gelyk is aan N, die vermoë voorstel wat beskikbaar is om die 
lokomotief en trein te beweeg is dit meer korrek om dit as sodanig te bestempel. 
By vergelykings moet dié onderskeide wel deeglik in ag geneem word. Die waardes 


* strakhl, Steuerung, p. 56. ' 
2 Vgl. paragraaf 35. s 


3 Fi—sindikeerde trekkrag met ooreenstemmende Ni; 
Fe—effektiewe trekkrag, di. Fi min wrywing in die dryfwerk en asse as `n masjien maar 
nie gelyktydig as draagwiele nie :. go ook Ne; - ' 


Fw—trekkrag by die loopvlak van die dryfwiele, d.i. Fi min die totale wrywing in die 
dryfwerk en dryfasse; so ook Nw; 


F—trekkrag agter die kolewa, d.i. Fi min alle weerstande van die lokomotief 


lus of mi 
hellingskomponente ; so ook N. E er 


" 
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van die stoomverbruik is ook grafies voorgestel teenoor die koppelingswerkver- 
rigtings op dieselfde manier soos vir die geindikeerde waardes en terwyl die resultate 
minder reëlmatig is moet aangeneem word dat eksperimentele foute hier gedeeltelik 
verantwoordlik is vir die afwykinge (vgl. Altoona No. 32, p. 70). Die krommes wys 
` egter duidelik dat bo `n sekere snelheid die koppelingswerksverrigting weer verminder 
soos te verwag is daar die weerstandskragte groter word in vergelyking met die 
'geindikeerde kragte. ! ë 


46. Van hierdie krommes lei ons af: 


(1) Die stoomverbruik per indikateurperdekrag-uur verminder in die 
algemeen met vermeerdering van die snelheid. 


(2) Vir enige gegewe snelheid word die stoomverbruik eers minder en. 
dan weer meer met vermeerdering van die vullingsgraad ; die werklike 
vullingsgraad waar dit `n minimum is hang af van die snelheid en. 
van die masjien. 


(3) Die stoomverbruik per koppelingsperdekrag-uur (wat, soos reeds 
verduidelik, hier gelyk is aan die perdekrag-uur by die loopvlak van 
die wiele) verminder tot omtrent by 8 omwentelinge per sekonde en 
begin dan weer meer te word (hier is heelwat onreëlmatighede en die 
grafieke word nie hier gewys nie); by toetse op die spoorbaan is dit 
duidelik dat, daar, afgesien van die weerstand van die draagwiele 
ook die lugweerstand bykom, hierdie omkeer by 'n laer snelheid sal 
plaasvind en die toename in verbruik meer opvallend sal wees by 
hoër snelhede veral by masjiene met groot wiele. 


(4) Vir baie lae snelhede kan die ekonomiesste vullingsgraad (dws. die 
die vullingseraad waarby die minste stoom per effektiewe werkseen- 
heid gebruik word) moontlik so groot soos 40 of 50%, wees; na 
gelang die snelheid vermeerder word die ekonomiesste vullingsgraad 
kleiner, maar dit is twyfelagtig of dit ooit minder is as 35 tot 30%. 
Die presiese waarde skyn af te hang van besonderhede van die skuif- 
beweging en die kondisie van die masjien, maar dit skyn taamlik 
seker te wees dat daar 'n sekere mate van regvêrdiging is vir die 
gewoonte van meeste drywers om liewers' die stoomafsluiter as die ` 
skuifstuur te gebruik oor maklike trajekte wat vullingsgrade van 
minder as 35%, vereis. Smoortoetse met Baldwin-masjien No. 60,000 

ë (vgl. pp. 57 en 58 van die toetsrapport) bewys dat die stoomverbruik 
vermeerder wat die indikateurwerkverrigting betref maar verminder 
wat die effektiewe werkverrigting betref in sekere gevalle as die stoom 
gesmoor word deur met halfgeslote afsluiter te vaar. Of stootkleppe 
`n merkbare verandering kan teweegbring sal nog moet bewys word 
maar aan hand van wat in paragraaf 39. gesê is en beskikbare toets- 
resultate van die S.A. Spoorweë is dit baie onwaarskynlik. 


47. Ons het nou die nodige gegewens om vir enige lokomotief sy waarskynlike 
werkverrigting te bereken. Van dieafmetinge van dierooster en silinders bereken ons 
die hoeveelheid stoom per kubieke voet en uur ; vandie middellyn van die dryfwiele 
. die snelhede in myl per uur vir die verskeie waardes van n ; van figuur 9 (gekorrigeer 
waar nodig vir keteldruk en stoomtemperatuur) lees ons af vir die hoeveelheid stoom 
- beskikbaar die indikateurperdekrag per kubieke voet vir elke snelheid en, deur 
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vermenigvuldiging met die silindervolume, kry ons die totale indikateurperdekrag - 


vir elke snelheid. Van die: vergelyking Ni—V Fi/875 bereken ons F;. As ons dit 
verminder met c Gg-HO- -04 F; (vgl. paragraaf 22) dan kry ons F,. Van hierdie 
syfers kan ons dan 'n kromme teken wat die verandering van F, met V wys (vgl. 
tabel V en figuur 10). Van hierdie kromme lees ons af die waardes van Fw vir 
snelhede 10, 20, 30 ens. en deur 4-5 (4,--0-156 (V--12)2 van elkeen af te trek kry 
ons die ooreenstemmende waardes van F. (By die berekening van Gg word die 
gewig van die kolewa, geneem met 2 /8 van die totale kole en water as 'n redelike 
gemiddelde.) Hierdie krag is dus beskikbaar om die trein te beweeg sowel as om 
enige swaartekrag- komponent en bogweerstand vir sowel lokomotief as trein te 
oorwin en boonop, waar nodig, die trein en lokomotief te versnel, Die bogweerstand 
word gewoonlik in rekening gestel deur `n denkbeeldige addisionele helling by te tel 
(vgl. paragraaf 56); so ook kan enige versnelling in rekening gestel word deur dit 
as `n ekwivalente helling te bereken. 

48. Die weerstand van personerytuie en swaar trokke (70 ton) kan gereken 
word as 

w,lb/ton—4-5--V2/710—4-5---0018 V2 
en vir goederetreine as 
w,lb/ton—4 5 -A-V2/490—4-5---0094 V2 

Die hellingsweerstand vir trein sowel as lokomotief is 2M 1b./ton waar M die helling 
is per duisend. As nou (' die gewig van dié trein is wat teoreties getrek kan word 
op `n gelykte teen `n snelheid V dan is G'—F/w. Alhoewel in die praktyk hierdie 
vrag soos uitgereken vir klein snelhede nié prakties hanteer kan word nie verskaf 
hierdie voorstelling egter `n eenvoudige manier om die hellinge te bereken wat met `n 
gegewe vrag teen verskillende snelhede bestyg kan word ; (vgl. Strahl, Steuerung, 
p. 62). 

49. As vir 'n helling M die maksimum vrag vir `n gegewe snelheid G is en 
die gewig van die lokomotief met kolewa is G dan is 

GEM —F—GM 
——( W—GrL' -9M 

dus M—(G—GW(GLA-GO9 . (8) 
As ons dus vir elk van die snelhede w bereken en ae G aflei EED vir EE. 
vraggewigte (gewig van die trein), bv. 500 ton, 600 ton, ens. die waarde van M 


bereken word met behulp van vergelyking (8) en dus 'n stel krommes getrek word 


wat aantoon hoe vir elke vrag die snelheid varieer met die helling. Die grootste 
krag, Fw, wat uitgeoefen kan word by die loopvlak van die dryfwiele is beperk 
eerstens deur. die trekkrag (Fzss) en tweedens deur die wrywing tussen wiel en 
, spoor, wat ons vir hierdie doeleinde kan aanneem as 1 /4 vir gewone Suid-Afrikaanse 
kondisies. Hierdié twee waardes word aangedui op die F, kromme en dit word 
aangeneem dat F, nie groter kan wees as die kleinere van die twee nie: Gevolglik 
moet ook beskou word dat die helling-snelheid krommes nie verder gaan as die 
ooreenstemmende waardes van die snelheid nie en die grootste helling, wat met `n 
gegewe vrag bestyg kan word, word as konstant beskou vir alle kleinere snelhede 
alhoewel teoreties dit eintlik effens moet styg. 


BO: As 'n voorbeeld hoe hierdie metode toegepas moet word word- die werklike 
waardes vir klas 16D van die S.A. Spoorweë bereken. Dit is `n lokomotief met die 
wielrangskikking 4—6—2, dws. dit het ses dryfwiele. (Tabel V gelees saam. met 
figaur 10. ) Van die syfers in tabel V word die krommes in figuur 10 getrek. Van 


23 


TABEL V. 

Silindermiddellyn, d se Ad oie dryfwielmiddellyn, D -— 60 dm. 
slag, s de ss 96 dm. Konstante, ( 210 
totaalgewig, Gr ... — 185 ton. Trekkrag, F7seg — 80,700 Ib. 
gewig op draagasse, G) — 96 ton. adhesiegewig, C, 69 ton. 
adhesiekrag, Fi ... — 99,650 Ib. silindervolume sr SA ID vis 
roosteroppervlakte, R ... — 45:9 vi ghriessmering 
stoom — 45-2X100X5:8 — 96,240 Ib./uur. — 4590 Ib./vt.S-uur. 
keteldruk -— 196 Ib./dm.2 j 
temperatuur -— 600” Fah. (aangeneem) 
n 1 PD 3 5 
V 10-7 1-4 32-1 42-8 53:65 
I.PK./vt.3 214 48 267 274 981 
Tndikeerde PK 1993 1416 1525 1565 1610 
Ind. trekkrag ... (42800) 24800 17800 13700 11270 
25:2 G, 1480 1480 1480 1480 1480 
0-04 F; 1790 990 720 550 450 
Fy 89600 22330 15600 11670 9340 
V 10 20 30 40 50 
Fy (42500) 23900 16800 12600 10000 
4-5 G, T 430 430 480 430 430 
O0-156(V-19)* ... 80 160 280 420 600 
F (41990) 23310 16090 11750 8970 
w (passasiertreine) 4.63 5-33 6-3 jip 9:0 
GE” 9060 4380. 2550 1566 997 
M vir G—325 ton (42-9) 22-6 14-6 YE 6-3 
M vir G—400 ton (36:1) 19:2 12-29, 79 d-8 
M vir G—500 ton (30-38) 15-8 OER 6-1 3:3 
M vir G— 600 ton (26-0) 13:4 8-1 d-8 2-3 
w (goederetreine) 6-15 6-4 8:2 10-4 18-2 
M vir G—SO00 ton (19-8) 9:5 5-0 1-8 — 
M vir Ge 1000 ton ... (16-0) 7:3 3-4 0-6 — 

(18:2) 5-8 2:3 s— — 


M vir G—120@ ton 
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hulle kan ons bepaal vir `n gegewe vrag die spoed waarmee ons teen `n helling op 
kan vaar en ook die grootste helling wat bevaar kan word deur die punt te bepaal 
waar. die kromme vir daardie vrag die spoed het wat ooreenstem met, F/4, wat in 
hierdie geval kleiner is as F7sa. So ook kan ons aflei die grootste vrag vir enige 
gegewe helling ; bv. met `n trein van 10 passasiersrytuie (400 ton) kan ons hoogstens 
`n helling van 1 tot 40 bevaar en wel teen omtrent 15 m.p.u.; 'n helling van 1 tot 
9200 kan daarenteen met `n snelheid van 50 m.p.u. bevaar word ; vir `n helling van 
1 tot 100 is die grootste vrag omtrent 1100 ton en dit kan teen 15 m.p.u. bevorder 
word, terwyl op `n gelykte dit met sowat 40 m.p.u. getrek kan word. 


51.  Versekeie metodes is in Duitsland ontwikkel om die looptye vir `n gegewe 
trajek af te lei van hierdie of soortgelyke krommes afgelei van ander teorieë, bv. die 
van Obergethmann, of van praktiese toetse *) maar dit is twyfelagtig of hul prakties 
genoeg is om nuttig te wees vir algemene gebruik, veral met ons vinnig wisselende 
op- en afdraandes. Nogtans kan hierdie krommes tot baie nut wees as hulle met `n 
goeie begrip gebruik word. 


52. Uit belangstelling is van tabel V ontneem of bereken die indikateur perde- 
krag (N;), die perdekrag by die wielloopvlak (N,), wat byna gelyk is aan die effek- 
tiewe perdekrag, en die koppelingsperdekrag agter die kolewa (N) vir verskeie 
snelhede en in figuur 11 grafies voorgestel. Verder is ook die spesifieke stoom- 
verbruik vir die 1.PK-uur en die PK ,-uur ih dieselfde figuur aangedui. In samehang 
hiermee is dit van belang om op te merk dat in werklike toetse op die baan met 
hierdie lokomotief `n stoomverbruik per T.PK-uur van 18 tot 20 pond gemeet is 
terwyl vir die effektiewe PK-uur dit van 20-5 tot 22 pond was. ln die algemeen 
is die werklike werkverrigting in goeie ooreenstemming met figuur 10. 


53. Ons het dus, gelei deur sekere teoretiese oorwegings, uit die toetsdata 

van Altoona `n stel standaard krommes en 'n metode afgelei waarna ons vir enige ' 
“lokomotief onder gegewe omstandighede die werkverrigting kan bepaal. Met 'n hele 
aantal lokomotiewe is praktiese dinamometerwa-toetse onder gewone bedryfsom- 
standighede gemaak en die ooreenstemming met hierdie teoretiese vooruitbepaling 
was van so `n aard dat ons kan sê die vraagstuk is binne redelike perke opgelos. 
Die doel wat ons aan Ons gestel het is bereik en daar bly net nog die bepaling van die 
bogweerstande oor. 


BOGWEERSTAND. 


54. Ons het voorheen daarop gewys dat ons o.a. moet rekening hou met die 
ekstra weerstand wat `n trein ondervind as dit deur `n bog vaar. Die pogings om 
hierdie weerstand te bepaal is volop maar die resultate verskil nog meer van mekaar 
as die syfers wat aangegee word vir die rol- en lugweerstand. In `n poging om 
waarskynlike waardes te kry is 'n versameling van verskillende formules gemaak. 

55. Vir 4 vt. 81 dm. spoorwydte gee Rock1 

(8) w—4260/(R—I180), vir R meer as 900 voet en 
(b) w—3280/(R—100), vir R—600 tot 900 voet, 
waar R die straal van die bog in voet is en w die weerstand in pond per ton. 
Vir meterspoorwydte is sy formule 
(0) w—2600/(R—66). 


“1 Organ, 1925, pp. 1 en 818. 
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Hierdie formules is eintlik vir die lokomotief maar word dikwels ook vir die trein 
gebruik. Frank het aanbeveel: 


(d) w—(t/R) (180—1000 t/R) vir passasiersrytuie 
(e) w—(2t/R) (180—9000 t/R) vir trokke, waar t die asafstand van 
voertuig of draaistel is. 

Toetse in Amerika ) op `n een graad en `n drie graad bog het tot die volgende 
formule gelei: 
() w—0-53 pond per ton per graad. 

Die Baldwin Locomotive (Co. gee aan vir Amerikaanse doeleindes 

(£) w—O0:7 pond per ton per graad vir swaar vaartuie en 
(b) w—l1-0 pond per ton per graad vir ligte vaartuie. 

Toetse in Ttalië uitgevoer 2) het die volgende waardes gegee: 

R — 590 660 820 980 1150 1810 1480 1970 2800 voet 

W..— 9-0 8-d 6:8 5-6 48 4-0 34 9-4 2-0 '-Ib./ton. 

Die rede vir die onderskeid tussen (d) en (e) is nie duidelik nie; sit ons egter 


t—l19 voet in (e) en 6 voet in (d) en werk ons die verskeie formules uit dan kry ons 
Tabel VI. 


TABEL VI. 
` F 
R. vi ss 300 400 500 600 800 1000 1500 2000 
grade — 19-1 14-1 ala 9. 55 7-15 5.7 3-82 2-86 
(a) we si SE Hi (10-2) |- (6:9) 5-9 3-9 9-34 
(b) wa (16-4) (10-9) (8-9) 6-6 4:8 Aag oi ok 
(o) wa 11-1 7-8 6-0 4:9 3-5 2-8 1-8 1:3 
(d) wa (6:4) (4:95) ' (4-0) . | 9-4 2-6 2-1 14 1-06 
(6) wa (8-0) (7-9) (6-3) 5-6 4:5 8-7 9-6 2-0 
(O- wa 10-1 7-6 6-05 5-05 3-7 3-0 2-0 1-5 
(@) ws 13-4 10 8 EE | 5:0 4-0 9-7 2-0 
(b) wa 19-1 14-3 j 11-4 9-6 7-8 Bag LY 3% 2.9 


56. Hierdie waardes en die van die Italiaanse toetse is grafies voorgestel in 
figuur 12. Deur talryke lesings te neem van die koppelingstrekkrag op die dinamo- 
meterwa van die S.A. Spoorweë by die bevaar van bogte asook deur die waarneming 
van die spoedveranderings by die bevaar van gekompenseerde bogte is `n poging. 
aangewend om hierdie faktor naasteby te bepaal vir toestande soos hul bestaan op 
die S.A. Spoorweë (3 vt. 6 dm.-spoorwydte) en dit wil skyn asof (b) so naasteby 


1RA., 10/9/27, p. 477. 
2 Bulletin, Des. 1925, p. 2546. 
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korrekte waardes gee vir die bogweerstand van lokomotief en trein as 'n geheel 
geneem. Deur die waardes van kromme (b) weer grafies voor te stel in terme van 
grade kromming, en dan die kromme so glad as moontlik te trek kry ons figuur 18 
en daarvandaan Tabel VII wat as naasteby korrek beskou kan word. 


TABEL VII. 


n 


ONGEVERE BOGWEERSTAND. 


Straal in Straal in Ekwivalente 
voet ketting Grade Ib. per ton helling per mille 
5750 86-7 1 0-5 0-25 
9865 43:4 Ee As 0:5 
1910 ORR 3 1-6 0-8 
1433 91-7 4 es Rea 1-15 
1146 SAT MS os 8-0 1:5 

955 14:5 6 EA g 1:9 
819 19-4 ears 2.35 
j IT MA. 8 , 5:6 2-75 
637 9-6 9 6-3 3-15 
574 8-T oe # 79. 3-6 
592 7:9 1 8-0 4-0 
478 1-2 12 Eg 4-45 
449 6.7 18 9-8 4-9 
410 6-9 * 1 10-8 5-4 - 
383 5-6 15 TB 5-9 
359 5-4 Le 12-8 6-4 
838 5-1 ar 14-0 7-0 
320 4-9 18 # 15-9 7-6 
303 4-6 s 19 RE 16-3 8-15 
288 4-4 Jol PA 17:% 8-85 
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DIE BEVAAR VAN BOGTE. 


57. OF en hoe `n lokomotief deur `n bog loop het wel niks direk met die werk- 
verrigting te doen nie maar is tog van groot belang by die beoordeling van 'n nuwe 
ontwerp of dit aan sy doel sal beantwoord. 


58. `n Wielas met sy as in `n radiale rigting op 'n krom spoorbaan sal, as dit 
nie onder dwangbesturing is nie, reguit aanrol in `n rigting loodreg op die as en sal 
dus met, die buitekantse flens teen die buitekantse spoor loop. Asditeersin hierdie 
posisie is sal die krag wat uitgeoefen word deur die spoorkop teen diedlens veroorsaak 
dat die wielas behalwe sy rolbeweging ook nog gly oor die spoor in die rigting van die 
as. As die raamwerk van die vaartuig, wat self ook langs die draai beweeg, die 
wielas beheer dan volg dit dat afgesien van die rol en die gly in aksiale rigting die 
rigting van die as gedurig verander word sodat een van die wiele ook nog parallel 
met die spoor moet gly. Daar die koëffisiënt van dinamiese wrywing kleiner is as 
die van statiese wrywing is hierdie gly een van die redes waarom `n lokomotief 
makliker gly op 'n bog as op `n reguit lyn. Verder, as die wiele sonder flense is, 
of deur die raam, soos deur ander wiele beheer, verhoed word om met die flens teen 
die spoor te loop dan moet die raam, afgesien van die moment wat nodig is om die 
wielas sy rigting te laat verander, ook nog deur die asbusse die krag uitoefen om die 
wielas oor die spoor te skuiwe. Die aksiale krag, wat uitgeoefen moet word, Of 
deur die spoor op die flens of deur die raam op die as, is gelyk aan die gewig op die 
wielas vermenigvuldig met die wrywingskoëffisiënt. 

59. Hieruit volg dat as ons die straal trek loodreg op die lengshartlyn van die 
vaartuig (of draaistel), wat die wielasse beheer, dan sal al die wielasse agter die 
loodlyn in die vaarrigting gesien `n neiging toon om na die binnekant van die bog te 
loop en al die wielasse voor die loodlyn om na buite te loop. Tn die algemeen dus 
probeer die voorste wiele om teen die buitespoor te loop en die agterwiele om teen 
die binnespoor te:loop. Jn die geval van kort vaartuie soos draaistelle kan die 
agterwiele gewoonlik radiaal loop sonder een van die twee spore te raak met hul 
flense. 


60. Van die profiel van die wielbande, hul afstand van mekaar, die vorm 
van die spoorkop en hul afstand van mekaar kan ons die hoeveelheid syspeling 
van `n wielas tussen die spore bepaal. Vir die gegewens soos neergelê vir die S.A. 
Spoorweë is die totale syspeling 3 duim vir nuwe bande en spoorstawe op 'n reguit 
baan. Dit is die praktyk om die spoorwydte groter te maak op draaie om lokomo- 
tiewe met lang asafstande `n moontlikheid te verskaf om sonder “' knyp ” deur te 
kom. Die S.A. Spoorweë laat `n spoorwydtevermeerdering toe van # duim vir 
bogte met `n straal kleiner as 700 voet, 4 duim vir bogte met `n straal kleiner as 
1000 voet en 1 duim vir `n straal kleiner as 1500 voet. Om die totale syspeling 
van `n wielas te kry moet ons dus $ duim by hierdie waardes bytel. Ë 


61. Dit is van groot belang om te kan vasstel of `n voorgestelde of bestaande 
wielasrangskikking dit moontlik maaks vir die lokomotief om deur `n gegewe bog 
te vaar sonder dat `n ongewenste dwang op die spore of raam uitgeoefen word. 
Dit is onprakties vir hierdie doel om die hele wielasrangskikking op `n reduseerde 
skaal te teken daar enige gerieflike reduksie akkuraatheid by die meet van die klein 
wielasverskuiwing hopeloos maak. `n Gewysigde metode moet dus gevind word. 

69. As ons die wielas voorstel deur 'n enkele punt dan kan ons die spore 
voorstel deur twee sirkels op `n afstand van mekaar gelyk aan # duim plus enige 
spoorwydtevermeerdering, d.w.s. gelyk aan die totale syspeling van die wielasse. 
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Die afstand van elke wielflens van sy spoor is dan die afstand van die punt vanaf 
die ooreenstemmende sirkels. Deur gebruik te maak van hierdie vereenvoudiging 
het die Franse ingenieur Roy `n metode aangegee wat dit moontlik maak om die 
relatiewe posisie van die verskeie wielasse van `n lokomotief in `n bog te ED 
met `n betreklik hoë mate van presiesheid. 


63. Hierdie metode is gepubliseer in ,, Revue (énerale des Chemins de Fer,” 
van 1884, en word volledig behandel in ,, Stellung von Eisenbahn-Fahrzeugen in 
Bogengleisen ”. '” deur Karl Simon, pp. 69 tot 84. 

As R die straal van die bog voorstel, ? A die koord en T die ordinaat, d. WS die 
afstand tussen oe boog en die Fi by sy Pe dan is 


—(UYA/R)A)-U/SA/RSA)-HISA/RPAA HE .. (9) 
As A ie $ in vergelyking N R dan ed ons 
ss(Ly/2) AAR) es Ed IE MOE PD REO) 


As ons nou 'n sirkel trek met straal, Rene en in ere sirkel `n Era van 
lengte ?a, waar a—A/n, trek en t dui die ordinaat aan dan is soos vantevore 
—(1/)a/r)a)-1/B Ta) 
en as ons die ET magte van die breuk a/r weglaat dan word ai 
Afa 
UA—A) 
R/n?2 


—(/AA/RYA) 


64. Dit is die idee waarop die Roy-metode gebaseer is, naamlik as ons `n 
sirkel trek met straal 1/n* natuurlike grootte en `n koord 1/n natuurlike grootte 
in hierdie sirkel trek dan word die afstand van 'n punt op die boog van die koord 
in sy natuurlike grootte gewys. Dus as ons die straal van die sirkels wat die spore 
voorstel 1/n? sy natuurlike grootte maak en alle lengtes wat die asafstande voorstel 
1/n natuurlike grootte maak dan sal die afstand van die twee sirkels wat die spoor- 
kante voorstel en die sydelingse verplasing van elke punt, wat 'n wielas voorstel, 
met betrekking tot die sirkels in natuurlike grootte gewys word. Dit kan bewys 
word dat vir kondisies soos hul gewoonlik bestaan in Europa hierdie metode redelik 
akkuraat is. 7) Vir die betreklik lang ratafstande wat in Suid-Afrika gebruik word 
gepaard met die skerp draaie wat voorkom is hierdie metode onderhewig aan foute 
wat groter as `n duim kan wees en dus misleidend. 


65. Tn ,, Organ ” van 15 September 1926, p. 354, word `n soortgelyke metode 


aangegee, wat egter die voordeel het dat dit baie akkuraat is alhoewel dit die nadeel 
` het dat 'n stangpasser nie gebruik kan word om die kurwes te trek wat die spoorkante 
voorstel nie. 


66. Die vergelyking van 'n sirkel met betrekking tot sy middelpunt is 
X2-A-y?—R?, maar as die oorsprong geneem word by `n punt op dié omvang en die 
Y-as as gaande deur die middelpunt dan kan ons die volgende vergelyking aflei 
van Es (9). 

—(/A E/RY X) HU/BE/RSE) ASMA) e/R) BEE Dee 
darie MES DA EG oe EE Ra, (10) 


1 Stellung in Bogengleisen, p. 71. 
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As ons nou al die afmetings in die rigting Y reduseer in die verhouding 1/b en al 
die afmetings in die rigting X in die verhouding 1/bn dan is dit duidelik dat die sirkel 
`n ellips word en ag X en Y die koërdinate is van `n punt' ooreenstemmende met. 
Xx en/y op die sirkel dan is X—x/bn en Y—y/b. Hiervan kan ons die verskeie 
waardes van Y wat ooreenstem met die verskeie waardes van X uitreken. Dit is 
verder duidelik dat as ons die lyn wat die lokomotief voorstel so plaas dat dit omtrent 
parallel is met die X-as dan word die wielafstand gewys in 1/bn natuurlike grootte 
maar die syspeling en die verskuiwing van die wielasse met betrekking tot die spoor- 
baan sal gewys word in 1/b hul natuurlike grootte. . Verder sal die hoek tussen die 
lengshartlyn van die vaartuig en die raaklyn tot die kurwe. by daardie punt vergroot 
word in die verhouding bn/b, d.w.s. n-maal. In die praktyk sal dit moeilik wees 
om die lengshartlyn presies parallel tot die X-as te plaas maar as ons onthou dat 
alle hoeke n-maal vergroot is dan sal dit besef word dat die fout wat gelyk is aan 
(1-CosA), waar A die klein hoek tussen die vaartuighartlyn en die X-as is, so klein 
is dat dit nie meetbaar is nie. Dit sal verder bemerk word dat in gewone gevalle 
net die eerste deel van die uitdrukking (10) gebruik word; by betreklike klein 
waardes van R en groot wielafstande moet ons die tweede en soms die derde deel 
byreken. 


| ) 
TABEEEK 
YVsy/bey/d; XEs/bnsx/40. 

PUNTE 1 9 3 4 5 6.” 7 sk 
X IN DUIM. 36 79- 108 144 | 180 916 * | 259 288 
Ee -90 1: goe] 2-70 3-60 | 4-0 | geag | 6-80 | 7-20 
BR—loovt. |Y 18 | ag ls pigekeasir | igsa9 '|adoor | adoa Aa de 
R—lsovt |Y -0S -30 -68- | 1-80 V1s8Re Do4 ve age IE 4sd 
R—om ve |Y |. 205 -19 44 “79 |. 188” | Tz7. | 2-40 8-15 
R—B00 vt |Y -04 18 40 12 41 | 36e] 2-20 | Beae 
RB—850 vt. |Y 04 16 35 69 -96 | 1-39 | 1-89 | 2-47 
R—400 vt |Y -03 vae -B4 -85 | 1-99 er g-16 
R—B00 vt |Y 03 1 25 43 -68 or ..|'1ssa IE Mas 
R—600 vt |Y 02 09 20 36 BT s1 1-44 
R—700vt |Y 02 0S IS -B1 48 69 95 '| 1-94 
R— 1000 vi. |Y -O1 -06 19 99 .34 48 -66 87 
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67. Deur te stel b—9 en n—I19 is tabel VIII opgestel wat die verskeie waardes 
van Y wys vir die verskeie waardes van X en R. Van hierdie tabel kan ons nou die 
verskeie kurwes teken in `n grootte wat handig is vir die tekenbord. As ons hul 
eers eenmaal noukeurig geteken het sal dit handig gevind word om op 'n stuk 
kalkeerlinne twee kurwes te teken vir elke straal op `n afstand van mekaar in,die 
Y-rigting wat gelyk is aan # duim plus die spoorwydtevermeerdering vir daardie 
straal (op `n skaal 1/b). So `n stel kurwes (vgl, figuur 14) kan herhaalde male gebruik 
word as die ondersoeking uitgevoer word op `n stuk kalkeerpapier of linne wat oor 
hierdie tekening gesit word. As sulke ondersoekings gehou moet word vir naslaan- 
doeleindes sal dit handig gevind word om passende sjablones te maak om die kurwes 
mee te trek, Kurwes na tabel VIII is geskik vir die tekenbord maar te groot vir 
handige naslaan of vir lêers. 'Tabel IX is opgestel met b—4 en bn—40. Kurwes 
na, hierdie waardes kan op folio-grootte geteken word en is dus baie handiger. Daar 
die werklike verskuiwings in kwart-natuurlike grootte gewys word is dit nog 
noukeurig genoeg vir die meeste doeleindes. ' 


68. Om die posisie relatief tot die spoor vandie verskeie wiele van `n lokomotief 
vir `n gegewe bog te kry trek ons 'n lyn parallel met die X-as en hierop word jn die 
reduseerde skaal aangedui die punte wat die wielasse moet voorstel; dan trek ons 
lyne parallel met die Y-as deur hierdie punte totdat hul die kurwes sny wat die 
spoorkante voorstel (vgl. figuur 14). As ons nou in gedagte hou dat die voorwielas 
'n neiging het om teen die buitenste spoor te loop en die agterwielas om teen die 
. binneste spoor te loop (of radiaal) dan kan ons die posisie van die wiele kry deur `n 
liniaal te gebruik om die vaartuigraam voor te stel en die nodige toelatings te maak 
vir die moontlike beweegbaarheid van elke wielas met betrekking tot die raam en 
die dwang wat die raam op die wielasse uitoefen, ens. Dit moet in die oog gehou 
word dat alle hoeke vergroot is in die verhouding bn/b, d.w.s. 12 maal in die geval 
van tabel VITI en 10 maal in die geval van tabel IX ; alhoewel dit op die eerste 
blik mag skyn in die geval van draaistelle asof die wielafstand nie reg voorgestel 
is nie moet onthou word dat die werklike fout gelyk is aan (1—cosinus van die werk- 
like hoek) en nie aan (1—vosinus van die vergrote hoek) nie. In alle praktiese 
gevalle is hierdie fout baie klein. Dit sal duidelik wees dat deur hierdie metode 
te gebruik, d.w.s. die asafstande te meet op 'n lyn parallel met die X-as, ons die 
fout (1—cosA) in paragraaf 66 bespreek uitskakel. 


69. In figuur 14 is so `n ondersoeking vir lokomotief klas 18 van die S.A.S. 
te sien. Hierdie masjien het die wielrangskikking 2-10-9; die voorste draagas 
kan 1 duim na elke kant beweeg in die draagpotte wat in `n Bisseltipe-draaistel sit 
wat op sy beurt swaai om 'n spil of draaipunt aan die draagpotte van die eerste 
dryfas vasgekoppel ; hierdie draagpotte kan relatief tot die raam `n duim links en 
regs beweeg; hierdie inrigting staan bekend as die Krauss-Helmholtz-draaistel. 
Die agterdraagas is in `n Bissel-draaistel monteer. Die middelste dryfwielas en die 
naasagter dryfwielas is flensloos. Die voorste draagwielas en die voorste dryfwielas 
loop teen die buitenste spoor, die agterdryfwielas teen die binneste spoor ; dit sal 
gemerk word dat die naasvoor dryfwielas in die geval van 275 voet-bog teen die 
binneste spoor ,, knyp ” met `n hoeveelheid van # duim, terwyl die flenslose wiele 
sovér oor die spore verskuif dat daar gevaar bestaan dat hul afval veral as daar 
syspeling is in die draagpotte. `n Werklike toets op `n 275 voet-draai met die masjien 
het hierdie feite bevestig ; die naasvoor dryfwielas is so hard teen die binneste spoor 


D] 


EE. 


gedruk dat hy gekantel het en die buitenste wiel van die spoor opgelig is en die 
flenslose wiele was byna van die spoor af. Hierdie masjien kan dus nie 'n 275 voet- 
bog bevaar nie, is nog effens ,, geknyp ” op `n 800 voet-bog maar loop goed op bogte 
van 825 voet en meer. 

LO] 


70. In figuur 15 is 'n voorgestelde verandering aangedui wat die masjien 
geskik maak om `n 275 voet-bog te bevaar, die gevaar dat die flenslose wiele van die 
spoor af loop vermy en waarskynlik ook die slytasie in die draagpotte sal verminder. 
Dit sal opgemerk word dat die voorste dryfwielas 11 duim-speling het na elke 
kant, slegs die middelwielas is flensloos en die naasagter wielas se draagpotte het 
`n # duim-speling na elke kant (die krukaspen word langer gemaak sodat dit in die 
koppelstang `n 34 duim na elke kant kan skuif). Die sydelingse beweging van die 
agter-Bissel en die agterent van die lokomotief is omtrent 12 duim meer maar dit 
en die addisionele 4 duim voor behoort nie onoorkomelike konstruksionele moeilikhede 
op te lewer nie. Afgesien van die voordeel dat `n 275 voet-bog bevaar kan word 
word die naasagter- en agterdryfwielasse deur hul eie flense beheer in alle bogte 
platter as 450 voet-straal, wat `n vermindering in sydelingse slytasie van die draag- 
potte teweeg sal bring. Dit sal verder bemerk word dat die enigste flenslose wielas 
Of radiaal loop of (en dit meer dikwels) effens na, buite sodat daar baie min gevaar 
is dat dit van die spoor sal loop selfs as daar baie syspeling in die draagpotte is. 
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Die Skedelmorfologie van die 
Neotropiese Anure ATELOPUS MOREIRAE 
de Mirando-Ribeiro 


Deur 


CORNELIA E. BADENHORST BP 2 


Met 7 'Teksfigure. 


INLEIDING 


Die genus Afelopus is in 1841 ingestel deur Duméril en Bibron en geplaas 
in die familie ,Bufoniformes”. Ginther (1858) plaas die genus in die familie 
Rhinodermatidae, alhoewel hy Afelopus varius as Phryniscus varius onder die 
familie Phryniscidae plaas. Boulenger (1882) beskou die genus Afelopus as 
sinoniem met die genus Phrymiscus van die familie Engystomatidae, maar in 
sy werk van 1910 erken hy die geldigheid van die genus Afelopus en klassifiseer 
dit onder Engystomatidae, `n klassifikasie wat ook deur Nieden (1926) gevolg 
word. de Mirando-Ribeiro (1926) plaas die genus in die familie Brachycephalidae 
en beskryf vir die eerste keer die species Afelopus moreirae; Noble (1931) volg 
Ook hierdie indeling. “Vir besonderhede oor hierdie familie word verwys na die 
werk van McLachlan (19438) oor die genus Brachycephalus. 

Volgens Duméril en Bibron (1841) het Afelopus geen tande op die verhemelte 
nie, die tympanum is weggesteek en die buise van Eustachius is middelmatig 
groot. Volgens de Mirando-Ribeiro (1926) is die voorkoms van hierdie padda 
Bufonied, die tympanum onduidelik, die tong ellipties, die choanae klein en rond, 
die buise van Eustachius groot, die ligging van die pupil horisontaal en is die 
afwesigheid van 'n karapaks die hoofkenmerk wat dit van die verwante genus 
Brachycephalus onderskei. Afelopus word in die berg- en hooglandgedeeltes van 
tropiese Amerika gevind. 

Die ander genoemde outeurs verskaf geen addisionele anatomiese informasie 
oor die skedel nie. 

Boulenger (1910) noem egter dat die episternum afwesig is, dat die sternum 
kraakbenig bly en dat die korakoied en die prokorakoid deur middel van 'n 
kraakbenige epikorakoied met mekaar verbind is. 
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MATERIAAL EN TEGNIEK 


'n Paar eksemplare van Atelopus moreirae is in Brasilië in die streek van 
Rio-de-Janeiro deur dr. L. A. de Carvalho versamel en deur dr. Bertha Lutz 
gestuur aan prof. de Villiers. Ons wens beide persone van ons hartlike dank te 
verseker. Die fiksering van die materiaal was baie goed. 

Die ingewande van een van die eksemplare, wat 'n lengte van 26 mm. van 
die punt van die snoet tot die anus gehad het, is verwyder, die ledemate afgesny 
en die lense en die huid, behalwe die gedeeltes oor die tympanum en uitwendige 
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TEKSFIG. 1 
Grafiese rekonstruksie van die skedel van Atelopus moreirae. X412.5. Dorsale aansig. 


c. al, cartilago alaris; er. pr., crista parotica; for. m., foramen magnum; 1. fr, fenestra 
frontalis: fr. par., frontoparietalia; mx. maxillare; nas. hasale; 0. e. G. os en ceinture; 
op., operculum; proot., prooticum; pr. pt., processus pterygoideus; ptg., pterygoied; dmx,, 
guadratomaxillare; sp. mx., septomaxillare; sd, sduamosum; t. n., tectum nasi. 
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neusgate, is versigtig verwyder. Die materiaal is hierna tien dae lank ontkalk 
in HNO,-alkohol (75ml. HNO, in 100ml. 60 persent alkohol). Nadat die voorwerp 
ontsuur is in 5 persent oplossing van Na,SO,, is dit in lopende kraanwater gewas. 
Hierna is stukverwing met Boraks-karmyn toegepas en die snitte, 16u in dikte, 
is verder op die voorwerpglasies in Azaan gekleur. Die resultate was baie 
bevredigend. ` Die grafiese rekonstruksies is met behulp van tekenings, onder die 
Panphotmikroskoop gemaak en op millimeterpapier geprojekteer, uitgevoer. 

Ek wil van die geleentheid gebruik maak om my innige erkentlikheid aan 
dr. C. A. du Toit en prof. C. G. $. de Villiers te betuig vir hulle leiding en kritiek 
op my werk. s 

Teksfig. 1 stel `n grafiese rekonstruksie voor, wat die beskrywing van die 
skedel van Afelopus aansienlik vergemaklik vir die leser. 


DIÉ KRAAKBENIGE NEUSKAPSEL 


Die kraakbenige neuskapsel vorm tot 'n groot mate die raamwerk vir die 
neuscava. Die cartilago praenasalis inferior is baie klein en dien as stut vir die 
pars palatina van die praemaxillare. Soos by Probreviceps (de Villiers, 1933) 
geniet die cartilago praenasalis superior 'n groot mate van onafhanklikheid, 
aangesien dit slegs deur middel van `n dun kraakbeenbruggie verbind is met die 
cartilago alaris (teksfig. 2a). 

'n Goed ontwikkelde cartilago alaris, wat die ventrolaterale wand van die 
vestibulum stut, is aanwesig. Volgens Gaupp (1896 en 1904) is die cartilago 
alaris kontinu met die laterale vlak van die dorsale deel van die voorwand van die 
kapsel. Hierdie verbinding kan egter tot in die wyk van die erista intermedia 
strek. By Afelopus wys die konkawe kant van die alaris na boontoe en voor is 
dit kontigu met die tectum; na agertoe is dit kontigu met die crista intermedia 
(teksfig. 2b). Wanneer die cartilago oblidua sy verbinding met die tectum verloor, 
word dit syndesmoties aan die laterale kant van die nasale geheg. Na agtertoe 
gaan bierdie verbinding verlore en die cartilago oblidua skuif onder die laterale 
kant van die nasale in. 

`n Betreklike groot fenestra nasobasalis (teksfig. 2) strek van die voorste rand 
van die kapsel tot in die wyk waar die lamina inferior vir die eerste keer van die 
solum hasi kan onderskei word. Volgens Gaupp (1892) ontstaan die deel van 
die solum, wat voor die aanhegting van die cartilago praenasalis inferior lê, 
gedurende en na metamorfose as verkraakbening van die perinasale bindweefsel. 
Die verkraakbening van laasgenoemde geskied van die kant af en brei uit in die 
rigting van die septum. Die onverkraakbeende deel wat teen die solum lê, is 
bekend as die fenestra nasobasalis. Die grootste gedeelte van die fenestra 1ê 
egter in die voorwand nasaan die septum. Die besondere grootte van die fenestra 
kan ons dus beskou as 'n neoteniese verskynsel. By die gewone Rana word nie 
so 'n groot fenestra aangetref nie, omdat meer van die perinasale bindweefsel 
hier verkraakbeen het. 

Soos by Rana ontspring die crista intermedia van die voorste deel van die 
tectum nasi, wat by die septum aansluit, dorsaal van die fenestra nasobasalis, 
en verloop dan effens skuins na buite toe (teksfig. aa). 

By Afelopus is die lamina inferior voor heeltemal versmelt met die solum, en 
eers verder na agtertoe word die verbinding opgehef, sodat daar tussen die twee 
genoemde strukture plek gemaak word vir die recessus lateralis van die cavum 
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'TEKSFIG. 9 EN b 


Agtereenvolgende snitte deur die neuskapsel in die wyk van die apertura externa en die 
cartilaso alaris. 


ap. ex., apertura externa; c. ob., cartilago obligua; c. p, cavum principale; c. p. s., cartilago 
praenasalis superior; f. nas. bas, fenestra nasobasalis; gl. imx,, glandula intermaxillaris; 
gl. n. m, glandula nasalis medialis; nas, nasale; pl. ob, plica oblidua; p. MX., 
praemaxillare; sep, septum; ves, vestibulum. Ander afkortings Soos in vorige figuur. 


TEKSFIG. 3a EN b 


Agtereenvolgende dwarssnitte deur die kraakbenige neuskapsel in die wyk van die lamina 
inferior en die lamina superior. 


c. M., Cavum medium; c. p. in., cartilago praenasalis inferior; er. in, crista intermedia; 
gl. n. 1, glandula nasalis lateralis; 1. inf., lamina inferior; 1. sup, lamina superior; 0. @. C., 
os en ceinture; r. a., oorblyfsel van die larwale rostraalapparaat; rec. m., recessus medialis; 
sol. n., solum nasi. Die ander afkortings soos in vorige figure. 
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inferius (teksfig. 3a). Die laterale kante van hierdie twee kraakbeenplate is deur 
middel van die sywand met mekaar verbind. By Petropedetes (du Toit, 1943) 
toon die jeugdige dier `n versmelting tussen die lamina inferior en die solum, 
terwyl ons 'n toestand soos by Rana by die volwassenes aantref. Dit lyk dus of 
die versmelting van die lamina inferior met die solum 'n neoteniese verskynsel 
voorstel. 

Deur middel van die sywand is die lamina inferior synchondroties geheg aan 
die solum tot in die wyk waar die lamina inferior versmelt met die planum 
terminale van die cartilago obligua (teksfig. 4). Ons kry dus 'n kraakbenige 
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TEKSPFIG. 4 


`n Dwarssnit deur die neuskapsel om die eminentia olfactoria aan te dui. 


d. n. 1, ductus nasolacrimalis; e. olf., eminentia olfactoria. Ander afkortings soos in 
vorige figure. 


verbinding tussen die planum terminale en die solum. Die lamina inferior 
versmelt met die planum terminale, strek ver na agtertoe en vorm die laterale 
stut vir die voorste gedeelte van die ductus nasolacrimalis, wat verder mediaan 
deur die planum en dorsaal deur die septomasillare gestut word (teksfig. 4). 
'n Soortgelyke toestand word ook by Arthroleptides (du Toit, 1938) gevind. 

Die crista intermedia waarmee die lamina superior kontinu is, verloor na 
agtertoe sy verbinding met die solum om deurgang te verleen aan die verloop 
van die ramus medialis narium van kopsenuwee V vanaf die cavum principale 
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na die recessus medialis van die cavum inferius. Na agtertoe is die crista 
intermedia gereduseer, en die lamina superior waarop die septomasxillare rus, 
versmelt met die solum. 'n Soortgelyke toestand bestaan by Elachistocleis 
(Pentz, 1942), Microhnyla (Roux, 1944) en Spelaeophryme (de Vos, 1935). Na 
agtertoe verskuif die kraakbenige solum mediaal sodat die epiteel van die recessus 
lateralis in direkte kontak is met die verhemelte- en gesigsgedeeltes van die 
maxillare. 

By Atelopus is `n enkele foramen frontale aan die regterkant in die benige 
tectum ver na agtertoe geleë. Die foramen verleen deurgang aan die ramus 
externus narium van die n. ophthalmicus V. Die res van die neuskapsel stem 
wesenlik ooreen met dié van die Europese Rana. 


DIE NEUSCAVA 


'n Besonders groot cavum principale is kenmerkend vir Afelopus. Die 
recessus alaris en die recessus sacciformis is albei afwesig. Die apertura nasalis 
externa is dorsolateraal en ver na vorentoe geleë (teksfig. 2a). 

Die vestibulum verleen direk toegang tot die infundibulum en die cavum 
principale. Die plica terminalis, wat normaal laasgenoemde twee cava van 
mekaar skei, is heeltemal afwesig soos by Breviceps (de Villiers, 1931d), Microhyla 
(Helling, 1938), Arthroleptides (du Toit, 1938) en Elachistocleis (Pentz, 1949). 

Die cartilago alaris stut soos by Crinia (du Toit, 1934), Spelaeophryne 
(de Vos, 1935), Elachistocleis (Pentz, op. cit) en Microhyla (Roux, op. cit) die 
laterale wand van die apertura externa (teksfig. 2a en b) en verdwyn na die 
sluiting daarvan. 

Die sogenaamde voorste ,,Wulst” van Gaupp maak sy verskyning saam met 
die cartilago alaris en verplaas dit nie funksioneel nie, maar dit word gestut 
deur sy dorsale rand. Die vingervormige ,,Wulst” is afwesig. Die infundibulum 
vorm 'n duidelike dorsolateraalgerigte recessus. Dit is na agtertoe meer 
horisontaal en uiteindelik lateroventraal gerig. Die infundibulum word dorsaal, 
lateraal en ventraal omsluit deur die septomaxillare (tekfig. 3a) en dorsolateraal 
deur die musculus medialis narium begrens. Die infundibulum lê dorsolateraal, 
parallel met die cavum medium waarmee dit in verbinding tree net voordat die 
lamina inferior met die planum terminale versmelt. In die wyk waar hulle 
met mekaar versmelt, verloor die laterale deel van die cavum medium en deel 
van die infundibulum hulle verbinding met die res van die neusruimtes (teksfig. 4). 
Die blinde ent van die cavum medium gaan dan oor in die ductus nasolacrimalis, 
wat ventraal en lateraal gestut word deur die lamina inferior en dorsaal deur die 
cartilago obligua asook deur die deel gevorm deur die samesmelting van die 
planum terminale en die lamina inferior. 

Die plica obligua hang van die voorste punt van die cartilago obligua af 
(teksfig. ?b). Dit strek ewe ver as die epiteel van die agterste ent van die 
vestibulum, maar nie binne-in die cavum principale om met sy vloer te versmelt 
nie. Dit lyk asof die beweeglike cartilago alaris die ,,Wulst” teenaan die plica 
obligua stoot om die agterste gedeelte van die vestibulum af te sluit van die 
cavum principale gedurende respiratoriese bewegings. Die plica obligua is baie 
swak ontwikkel en dit word deurboor deur die afvoerbuis van die glandula nasalis 
lateralis. Helling (1938) se interpretasie is hoofsaaklik net 'n verandering van 
die nomenklatuur van reeds beskrewe dele, en dit vergemaklik die topografiese 
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beskrywing. Die vestibulum en die infundibulum vorm gesamentlik die ruimte 
wat Helling (1938) die ,Vorraum” noem. By die ombouing hiervan, waarvolgens hy 
die Anura in drie groepe verdeel, speel die plica obligua 'n belangrike rol. In die 
lig van die interpretasie van bogenoemde outeur onderskei ons dan by Afelopus 
en ander vorme waar die plica oblidua swak ontwikkel is, 'n ,lateraler Spaltraum” 
(vestibulum), 'n ,medialer Spaltraum” en 'n ,Schaltstick” ('n voortsetting van 
die ,lateraler Spaltraum”), en laasgenoemde twee ruimtes saam stem ooreen 
met die infundibulum. Die ,Schaltstick” tree dus in verbinding met die cavum 
medium (teksfig. 3b). Onmiddellik agter hierdie wyk word die laterale deel van 
die cavum medium en die ,Schaltstick” afgesnoer van die res van die neusruimtes 
en die blinde ent van die cavum medium gee oorsprong aan die ductus nasola- 
Crimalis. Die ,Spaltraum” en ,Schaltstiick” is twee goed afgebakende eenhede 
Soos die aard van hulle epiteel aandui. Die cavum principale, 'n gedeelte van 
die infundibulum en die recessus medialis van die cavum inferius is uitgevoer 
met sinsepiteel wat uit reuk- en stutselle bestaan. Die ,,Schaltstuck” is 
uitgevoer met respiratoriese epiteel wat in 'n enkele laag gerangskik is. Daar 
is egter 'n geleidelike oorgang van sinsepiteelselle van die cavum principale na 
die respiratoriese selle van die ,,Schaltstick”. Die res van die neusruimtes is 
uitgevoer met respiratoriese epiteel. 

Die lamina superior vorm die skeiwand tussen die cavum principale en die 
Cavum medium. Laasgenoemde tree eers in verbinding met die infundibulum 
in die wyk waar die ventrale deel van die septomasxillare verdwyn het (teksfig. 3p). 

Die recessus medialis verskyn in die snitte voor die cavum medium en ook 
voor die recessus lateralis en strek dus ver na vorentoe. Dit word dorsaal en 
lateraal omsluit deur die buisies van die glandula nasalis medialis. Die recessus 
medialis word na agtertoe deur middel van `n strook respiratoriese epiteelselle in 
`n mediale en `n laterale recessus verdeel Die recessus medialis verdwyn 
onmiddellik agter sy verbinding met die recessus lateralis. 

Die recessus lateralis is normaal in grootte; 'n deel van hom vul die ruimte 
tussen die verhemelte- en gesigsgedeeltes van die maxillare en die ventrale wand 
van dié deel is uitgevoer met kubieke epiteel, maar die selle is hoër in sy mediale 
en laterale dele. Die recessus lateralis is na agtertoe geskei van die cavum 
principale deur die swak ontwikkelde plica isthmi, wat langs die dak van die 
mondholte verdwyn. Die recessus lateralis open in die mondholte agter die 
sluiting van die choana. 

Die eminentia olfactoria is dik en word gestut deur `n dorsale uitsteeksel 
van die solum. Dit word algemeen aangeneem dat vorme met 'n uitgesproke 
terrestriële leefwyse `n gewelfde eminentia olfactoria besit, maar die stelling 
word in twyfel getrek deur Ramaswami (1985), aangesien hy `n soortgelyke 
eminentia by akwatiele vorme soos Rana cyanophylyctis en Rana hezydactyla 
waargeneem het. Volgens hom is 'n vergrote eminentia olfactoria 'n aanpassing 
aan verhoogde sensoriese behoeftes. Die res van die neuswyk verskil nie in enige 
belangrike opsig van dié van die Europese Rana nie. 


DIE NEUSKLIERE 


'n Betreklike groot glandula intermaxsillaris is by Afelopus aanwesig; dit 
strek vanaf die wyk van die cavum praenasale tot agter die choanae. Die klier 
is uitsluitlik ekstrakapsulêr met uitsondering van 'n paar buisies wat voor deur 
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die fenestra nasobasalis in die neuskapsel deurdring. Die klierbuisies vul die 
ruimte wat gevorm word deur die koepelvormige kraakbeenstut van die eminentia 
olfactoria. 'n Aantal buisies is ook in die dorsale gedeelte van die ,Gaumenleiste” 
geleë. Die glandula intermaxillaris open deur middel van 'n groot aantal 
onreëlmatig-gerangskikte buisies in die mondholte agter die choanae. Miller 
(1932) verdeel die Anura in vyf verskillende groepe op grond van die manier 
waarop die glandula intermaxillaris in die mondholte open, en volgens sy kriteria 
kan Atelopus onder groep II geklassifiseer word saam met genera van die 
Engystomatidae en die Bufonidae. Na agtertoe word die buisies van die glandula 
intermaxillaris verplaas deur dié van die ,Rachendriise”, wat onmiddellik onder 
die epiteel van die mondholte geleë is. Die epiteel van die ,Rachendriise” kan 
maklik onderskei word van die minder sterk gekleurde epiteel van die glandula 
intermaxillaris waar die buise deurmekaar loop. Die ,Rachendriise” bestaan uit 
twee groepe, waarvan die een die laterale en posterolaterale wande van die 
choana begrens, en die ander beter ontwikkelde posteromediaan van die choana 
verloop. Na agtertoe verenig die laterale en mediale groepe van die klier, en die 
massa strek tot agter die planum terminale in die oogwyk, en is geskei van die 
klier van Harder deur middel van 'n digte bindweefselmassa. 

Die glandula nasalis medialis (teksfig. 3a) is normaal in grootte en die 
buisies is beperk tot die dorsale en mediodorsale dele van die recessus medialis. 
Die enkele afvoerbuis wat ontstaan deur samesmelting van 'n aantal kleiner 
afvoerbuise, open lateraal agter in die recessus medialis. 

Die glandula nasalis lateralis (teksfig. 3a) is goed ontwikkel, maar verskil 
van dié van die meeste vorme deurdat dit betreklik ver agter die wyk van die 
apertura externa geleë is. Die klier verskyn in die snitte in die vlak waar die 
cavum medium vir die eerste keer waargeneem word. Die afvoerbuis van die 
glandula nasalis lateralis verloop na vorentoe, deurboor die plica obligua en open 
in die cavum principale. Na agtertoe is die kliermassa dorsolateraal van die 
ductus nasolacrimalis geleë en die agterste uiteinde strek ewe ver as die processus 
lingularis van die lamina inferior. 

Die bursa angularis oris is goed ontwikkel en dit vertoon geen noemens- 
waardige topografiese of histologiese verskille teenoor dié van ander vorme waar 
dit beskryf is nie. 


DEKBENE VAN DIE NEUSKAPSEL 


Die betreklike groot nasalia is met uitsondering van hulle voorste punte 
heeltemal met mekaar versmelt (teksfig. 1). Die bene is na vorentoe verleng 
tot in die vlak waar die cartilago obligua aan die tectum geheg is. Slegs 'n 
klein oppervlakte van die tectum word dorsaal deur die nasale bedek, aangesien 
die grootste gedeelte van die been 'n belegging vorm vir die sywand van die 
Cavum principale (teksfig. 3a), soos ook by Arthroleptides (du Toit, 1938). Die 
nasale strek verder lateraalwaarts as die tectum, maar ontmoet nie die maxillare 
nie. Na agtertoe skuiwe die nasale weg van die tectum en raak kontigu met die 
cartilago obligua en bedek dus die baai wat tussen hulle geleë is. Mediaandorsaal 
gaan die versmelte nasalia in die voorste punte van die os en ceinture oor 
(teksfig. 3b), maar na agtertoe is hulle weer deur bindweefsel geskei. Die 
verskynsel herinner ons aan toestande by Hemisus (de Villiers, 1931a) en Elosia 
(van Eeden, 1943), waar ons ook 'n os nasoethmoideum vind. | Groot murgholtes 
is teenwoordig in die nasalia in die wyk waar hulle kontigu met die cartilagines 
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obliguae is. Die laterale gedeelte van elke nasale word as 'n splintagtige 
uitsteeksel op die planum antorbitale voortgesit (teksfig. 1) en verdwyn uit die 
snitte onmiddellik voor die agterrand van die choana. 

Die palatina is afwesig by dAtelopus. 

Die vomer is besonder goed ontwikkel. Sy voorste punt is intranasaal verleng 
en 1ê teenaan die kant van die solum wat die eminentia olfactoria stut. Na 
agtertoe is die been afgeplat en bestaan uit `n groot mediane gedeelte met 'n 
eie murgholte, en 'n dun laterale gedeelte. Die mediane gedeelte begrens die 
mediane wand van die choana. 

Die praemasxillaria en die maxsillaria is albei tandloos; eersgenoemdes wat 
betreklik ver ventraal van die neuskapsel geleë is, is mediaal geskei deur 'n digte 
bindweefselstrook, waarin daar na agtertoe tussen die vurkvormige partes 
palatinae van die praemasillaria 'n kraakbeenstafie sy verskyning maak (teksfig. 
3b). Die kraakbeenstafie word na agtertoe weer vervang deur bindweefsel. 
Schoonees (1930) beskrywe 'n soortgelyke toestand by Bufo angusticeps, en hy 
beweer dat hierdie kraakbeenstafie miskien 'n oorblyfsel van die larwale rostraal-' 
apparaat mag wees. 

Die maxillaria is soos dié van Rana. As gevolg van die swak ontwikkelde 
processus masxillaris anterior, fungeer die maxillare alleen as ventrolaterale stut 
vir die agterste gedeelte van die recessus lateralis. 

Die septomaxillare is 'n dekbeen wat hoofsaaklik deur die lamina superior, 
waarvan dit deur bindweefsel geskei is, gestut word. Die infundibulum word. 
dorsaal, lateraal en ventraal deur die perdeskoenvormige septomaxillare omsluit 
(teksfig. 3a). Soos by Elachistocleis (Pentz op. cit.) en Microhyla (Roux, op. cit.) 
is die dorsale gedeelte van die septomazxillare ventraal van die glandula nasalis 
lateralis geleë, terwyl die ventrale, horisontale gedeelte, wat sy verskyning in die 
snitte maak, die syrand van die lamina superior omsluit en die benige wand, wat 
die infundibulum van die Ccavum medium skei, vorm. Die verbindingskanaal 
tussen die infundibulum en die cavum medium verdeel die septomazillare in 'n 
klein mediane uitsteeksel wat die lamina superior bedek en in 'n groter dorso- 
laterale gedeelte wat teen die cartilago obligua stoot. Die septomaxillare verdwyn 
uit die snitte op die niveau waar die lamina inferior met die planum terminale 
versmelt. 


SPHENETHMOIDAALWYK 


Die os en ceinture verskyn heel voor as 'n perichondrale verbening van die 
kante van die septum nasi. Die verbening sprei dan ventraal, lateraal en dorsaal, 
en uiteindelik na die ventrale deel van die septum. Die been se voorpunt is met 
die vergroeide nasalia versmelt (teksfig. 3b); dit is ringvormig en strek tot in die 
septum internasale en die plana antorbitalia en beklee 'n betreklike groot 
oppervlakte. Dorsaal en na agtertoe strek die os en ceinture tot by die fontanella 
frontoparietalis en kom tussen die voorste punte van die frontoparietalia wat die 
fontanella lateraal begrens, te 1ê (teksfig. 1). Die agterrand van die fontanella 
word deur die versmelte frontoparietalia gevorm. Dit is kenmerkend dat by 
Aftelopus die os en ceinture ventraalwaarts strek om 'n deel van die solum nasi, 
sowel as `n deel van die skedelbasis wat in hierdie wyk synostoties met die 
parasphenoied verbind is, in te sluit. Die os en ceinture strek besonder ver na 
agtertoe en is so intensief versmelt met die prooticum, dat ons geen definitiewe 
skeidslyn tussen hulle kon vasstel nie. 
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Die os en ceinture word dorsaal deur die frontoparietalia bedek; die skeidende 
bindweefsel verdwyn egter nie tussen eersgenoemde en die voorste punte van die 
frontoparietalia nie; na agtertoe vind synostose plaas. Die sygedeeltes van die 
versmelte frontoparietalia bedek ook gedeeltelik die sywand van die chondro- 
cranium. Soos by baie ander Anura is die taenia tecti transversalis afwesig, 
sodat net een groot dorsale fenestra voorkom, wat begrens word deur die 
versmelte frontoparietalia. As gevolg van die versmelting tussen die #fronto- 
parietalia kom 'n groot kontinue benige dak voor. By vorme soos Phrynomerus, 
Breviceps en Probreviceps (de Villiers, 1930, 1931d en 19338) vind ons ook 'n enkele 
fontanella tussen die voorpunte van die frontoparietalia. 

Die parasphenoied is goed ontwikkel en is versmelt met die os en ceinture 
en met die prooticum, Die exoccipitalia en prootica is so intiem versmelt met die 
frontoparietalia, dat ons geen definitiewe skeidslyn tussen hulle kan waarneem nie. 


ORBITAALWYK 


By Afelopus is die sywand van die skedelholte in die orbitaalwyk opgebou 
uit die os en ceinture, wat versmelt is met die prooticumgedeelte van die prootico- 
exoccipale kompleks. 

Die besondere klein foramen pro nervo trochleare is in been geleë, en verloop 
skuins deur die benige sywand. 

Die foramen pro nervo oculomotorio, wat beide aan die nervus oculomotorius 
en aan die a. carotis cerebralis deurgang verskaf, is geheel in been geleë. 

Die foramen prooticum is net voor die oorkapsel geleë en is vermoedelik 
deur die prooticum omring. Die dak van die skedelholte is baie onvolledig weens 
die aanwesigheid van `n groot fenestra #frontalis. Die fenestrae parietales is 
afwesig. 

Die taenia tecti medialis, waarvan die voorste en die agterste uiteindes gevurk 
is, strek besonders ver na vorentoe en na agtertoe en word oor sy hele lengte 
omsluit deur die versmelte frontoparietalia, wat slegs op enkele plekke die sye 
van die taenia, waarmee dit kontigu is, invaheer. 

Die taenia tecti transversalis is blykbaar heeltemal afwesig aangesien daar 
in die volwasse vorme ook geen aanduidings van 'n verbeende taenia, wat moontlik 
by die naasaanliggende bene geinkorporeer kon word, te bespeur is nie. Volgens 
die bewering van sommige outeurs is die afwesigheid van die taenia tecti trans- 
versalis te wyte aan die feit dat laasgenoemde by die tectum synoticum 
geinkorporeer is. Volgens Pentz (op. cit) is hierdie teorie onaanneemlik 
aangesien de Beer (19387) bewys het dat die taenia tecti transversalis by Rana 


ontstaan van 'n mediane onparige verkraakbening, wat die twee pilae antoticae 
met mekaar verbind. 


OORKAPSEL 


Ook die oorkapsel is soos die res van die chondrocranium besonder goed 
verbeen; die mediane oorkapselwand is deurboor deur die foramen endolym- 
phaticum en deur die foramen acusticum anterius en die foramen acusticum 
posterius; die twee is deur 'n dun benige septum van mekaar geskei. Albei 
foramina perilymphatica is aanwesig, maar die foramen perilymphaticum inferius 
word geskei van die foramen perilymphaticum superius deur middel van 'n kraak- 
benige brug. Eersgenoemde foramen open nie soos by Rama na buitentoe nie, 
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maar hy en die jugulaarspleet open inwendig inmekaar, terwyl laasgenoemde 
alleen na buitentoe open. 

Die prooticum, wat die voorste gedeelte, en die exoccipitale, wat die agterste 
gedeelte van die oorkapsel vorm, is heeltemal] onafskeidbaar met mekaar versmelt. 
Met hierdie versmelting gaan Gaupp se cartilago prootico-occipitalis verlore, 
Dit lyf asof die laterale kant van die crista parotica en die dorsale en ventrale 
rande van die fenestra ovalis die enigste oorblyfsels van die cartilago prootico- 
occipitalis is. 


DIE GELUIDGELEIDENDE APPARAAT 


Die middeloor, annulus tympanicus en plectrum is afwesig by Afelopus soos 
Ook by Ascaphus (de Villiers, 1934b), Cacosternum naAmaguense (de Villiers, 1931b), 
Liopelma (Wagner, 1934b), Hemisus (de Villiers, 1931a) en Brachycephalus 
(McLachlan, op. cit). By bogenoemde Anura is die buise van Eustachius afwesig, 
maar by Afelopus is hulle goed ontwikkel. 

Soos by Brachycephalus (McLachlan, op. cit) is die voorste gedeelte van 
die onderste rand van die fenestra ovalis omgebuig en versmelt met die boonste 
rand. 'Die gedeelte wat versmelt is, is korter as by Brachycephalus, sodat, 
wanneer die operculum in die dwarssnitte verskyn, die onderste punt weer vry 
raak. Voor is die intensief verkalkte operculum ingebed in bindweefsel wat die 
fenestra ovalis vul. Na agtertoe, waar die hoofstam van die n. glossopharyngeus 
'n dorsale ligging inneem in verhouding tot sy ander takke is die middelste 
gedeelte van die dorsale rand van die operculum in kraakbenige samehang met 
die boonste rand van die fenestra ovalis. Dik spierlae is bo-oor die operculum 
geleë en die m. levator scapulae superior is sterk geoperkulariseer. Die voorste 
mediaal-konkawe, pieringvormige gedeelte van die operculum vul nie die fenestra 
ovalis nie: 'n opsig waarin dit ooreenstem met die toestande by Liopelmidae 
(Wagener, 1934a). Na agtertoe neem die operculum 'n meer platgedrukte vorm 
aan en strek tot in die wyk van die jugulaarspleet. 


SUSPENSORIAALWYK 


Die maxillare. bedek net die voorste ventrale punt van die processus 
pterygoideus, sodat die subokulaarboog hoofsaaklik uit die processus pterygoideus 
en die pterygoied wat dit dorsaal bedek, bestaan. Na agtertoe, waar die processus 
pterygoideus in verbinding tree met die pars auadrata, verskuif die pterygoied 
van 'n dorsale na 'n mediane ligging (teksfig. 5b). “Verder na agtertoe verdeel 
die pterygoied in 'n dorsomediaan-gerigte uitsteeksel, en in 'n ventrale, vertikale 
gedeelte, wat teen die processus guadratus lê. Die groot crista parotica, waarvan 
die dorsale en mediane rande geinvaheer word deur die prooticum, is kontinu 
met die processus oticus, wat op sy beurt weer kontinu is met die processus 
duadratus deur middel van die processus pseudobasalis (teksfig. 5b). Die voorste 
punt van die sguamosum bedek die sywand van die crista parotica. Na agtertoe 
verdeel die been in twee helftes, waarvan die dorsale helfte die crista parotica 
bedek en die ventrale helfte die processus auadratus (teksfig. 5b). Soos by 
Cacosternum (de Villiers, 1931e) en Spelaeophryme (de Vos, 1935) toon die pars 
duadrata geen tekens van perichondrale of enchondrale verbening nie. Die 
sguamosum is deurgaans deur bindweefsel van hom geskei. 


mm. 


TEKSFIG. 5a EN b 


Agtereenvolgende dwarssnitte deur die voorste gedeelte van die oorkapsel. 


gon., goniale; M. k., kraakbeen van Meckel; pr. d., processus auadratus. Ander afkortings 
SOOS in vorige figure. 


Die goedontwikkelde kraakbenige processus pseudobasalis, wat 'n duidelike 
artikulasie met die oorkapsel toon (teksfig. 6a), is synchondroties versmelt met 
die hyale (teksfig. 6c), soos ook by Brachycephalus (McLachlan, op. cit). BY 
Microbatrachella (de Villiers, 1934) artikuleer genoemde strukture met mekaar. 

Die processus basalis-pseudobasalis-probleem, wat baie meningsverskil 
uitgelok het, is deur Pusey (1938) in 'n omvattende verhandeling. uiteengesit. 
'n Samevattende bespreking van die probleem is gelewer deur McLachlan (op. cit) 
in sy werk oor Brachycephalus; met die outeur se gevolgtrekkings gaan ek 
akkoord. 
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TEKSFIG. 6a, b EN G 
Agtereenvolgende dwarssnitte deur die wyk van die fenestra ovalis. 
f. ov., fenestra ovalis; hy, hyale; o.k., oorkapsel; op, operculum; pr. b., processus 


pseudobasalis; pr. b. en hy. processus pseudobasalis en hyale versmelt. Ander afkortings 
soos in vorige figure. 
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d E 


Grafiese rekonstruksie van die hyoiedapparaat van Afelopus moreirae. X418.5. Dorsale 
aansig. 


TEKSFIG. N 


cps. h., corpus hyoideum; man. manubrium; pr. al, processus alaris; pr. ant., processus 
anterior; pr. th, processus thyreoidei. Ander afkortings soos in vorige figure. 
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Die swakontwikkelde guadratomaxillare verskyn slegs in 'n paar snitte as 'n 
klein ronde beentjie waarvan die agterste ent teen die processus guadratus stoot 
en die voorste punt deur middel van 'n sening met die maxillare verbind is. Ons 
vind hier dus 'n tussenstadium tussen die skedels waarin ons 'n goedontwikkelde 
guadratomasxillare vind, en dié van Spelaeophryne (de Vos, 1985), waar die 
guadratomaxillare heeltemal deur 'n ligament vervang is. 


HYOIEDAPPARAAT 


Die hyoiedapparaat is ongeveer drie maal so lank as wat dit breed is; sy 
struktuur wyk effens af van die van Rana esculenta (Gaupp, 1896). Die processis 
anteriores is groot, afgeplatte, horisontale kraakbeenplate (teksfig. '), wat 
mediaal in die manubria en lateraal in die cornua principalia oorgaan. Die 
processis anteriores is ook teenwoordig by naverwante genera soos Brachycephalus 
en Afelopus igmescens, maar afwesig by Dendrophrymiscus en Oreophrymella 
(Trewavas, 1983). 

Dit lyk nie of ons enige filogenetiese waarde aan die afwykings in die bou 
van die hyoiedapparaat kan heg nie. Volgens Pentz (op. cit.) kan ons selfs 'n 
verskil in die bou van die hyoiedapparaat by species van een en dieselfde genus 
vind. 

Die processtis alares (teksfig. 7) is besonders groot, plat strukture, wat nie 
SOOS by Rana esculenta van die corpus hyoideum deur middel van 'n nek geskei 
is nie. Die processtis posterolaterales is afwesig; dié verskynsel is, volgens 
Trewavas, kenmerkend vir alle Brachycephalidae. 

Die benige processis thyreoidei stoot mediaan teen mekaar (teksfig. 7) en 
hulle agterste uiteindes is kraakbenig. 

Die hyale of cornu principale het die gewone bou, maar dit versmelt met 
die processus pseudobasalis van die palatoduadratum en artikuleer nie met die 
oorkapsel soos by meeste vorme nie. 'n Soortgelyke toestand word beskrywe 
deur McLachlan (op. cit) vir Brachycephalus. By Microbatrachella capensis 
(de Villiers, 1934) artikuleer die hyale met die processus pseudobasalis, en volgens 
hom is dit 'n neoteniese verskynsel aangesien so 'n verhouding kenmerkend is 
van die ontogenie van die Anura. Vir 'n bespreking van hierdie probleem word 
die leser verwys na die werk van McLachlan. 


ONDERKAAK 


Die onderkaak wyk nie af van die gewone Ranide tipe nie. 


BESPREKING 


Soos reeds vermeld, is die versmelting van die lamina inferior en die solum 
nasi 'n neoteniese verskynsel. Die mate van versmelting tussen bogenoemde 
strukture varieer by verskillende vorme. By Brachycephalus het die versmelting 
feitlik die toppunt bereik, aangesien dit sover deurgevoer is, dat daar geen 
behoorlike ruimte vir die neuscava om normaal te ontwikkel, bestaan nie. Ons 
kry by Brachycephalus dus 'n toestand waar die recessus medialis agter die 
crista intermedia, en die recessus lateralis agter die versmelte solum en lamina 
inferior geleë is, terwyl ons by Afelopus 'n toestand kry waar die solum en die 
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erista intermedia meer na vorentoe uitmekaarwyk, sodat die recessus medialis 
verder na vorentoe strek as die recessus lateralis. Dit lyk dus of Brachycephalus 
in dié opsig sterker neotenies is as Afelopus. 

Soos by Brachycephalus is die hyale versmelt met die processus pseudobasalis. 
Die probleme in verband met hierdie eienaardige verhoudinge word uitvoerig 
bespreek deur McLachlan in sy werk oor Brachycephalus, en vir verder informasie 
word die leser daarna verwys. 

In sommige opsigte is die skedel van Afelopus sterk gespesialiseerd. Die 
teenwoordigheid van 'n besonders klein guadratomaxillare, die afwesigheid van 
die platina asook van die taenia tecti transversalis, die afwesigheid van `n 
middeloor, annulus tympanicus en die plectrum, die aanwesigheid van 'n 
besonders groot operculum met 'n geoperkulariseerde spier en die intensiewe 
versmelting van die verskillende bene met mekaar is waarskynlik almal te wyte 
aan spesialisasie. 

Volgens Noble is die primitiefste verteenwoordigers van elke subfamilie van 
die Brachycephalidae tot `n seker mate arcifeer terwyl die meer gespesialiseerdes 
firmistern is. Volgens hom is Brachycephalus en Atelopus firmistern en dus die 
gespesialiseerdste genera van die Brachycephalinae. Volgens McLachlan (op. cit.) 
is Brachycephalus arcifero-firmistern, en volgens Noble is Afelopus moreirae en 
Aftelopus ignescens ook arcifero-firmistern. Hy toon verder aan dat, aangesien 
bogenoemde species van Afelopus arcifero-firmistern is, hulle liewer as species 
van Dendrophryniscus geklassifiseer moet word. dAfelopus igmescens en Afelopus 
flavescens behou hy egter onder die genus Afelopus. As Afelopus moretrae, met 
sy arcifero-iirmisterne skouergordel, as species by Dendrophryniscus ingesluit 
moet word, sal Brachycephalus heelwaarskynlik ook as genus moet verval, en sal 
sy species by Denarophryniscus ingesluit moet word. Myns 'insiens maak die 
volgende verskille tussen Brachycephalus en Aftelopus dit onwaarskynlik dat 
hierdie twee vorme onder dieselfde genus ingesluit kan word: Brachycephalus 
besit 'n benige plaat op die skedel, waarvan daar geen tekens by Afelopus te 
bespeur is nie; die voorste gedeeltes van die neuskapsel van Brachycephalus is 
geskei van mekaar sodat elke helfte sy eie binneste wand het, terwyl by Afelopus 
die normale Ranide verhoudings heers; by Atelopus is die neuskapsel kraakbenig, 
terwyl die van Brachycephalus tot 'n groot mate verbeen is; die kraakbenige 
neuskapsel van Brachycephalus wys meer neoteniese eienskappe as dié van 
Afelopus; in teenstelling met die groot processus lingularis by Brachycephalus is 
die van Afelopus baie klein; by Afelopus is die eminentia olfactoria baie goed 
ontwikkel terwyl dit by Brachycephalus afwesig is; die vomer is afwesig by 
Brachycephalus, maar is by Atelopus goed ontwikkel; die processus oticus en crista 
parotica, wat afwesig is by Brachycephalus, is by Atelopus goed ontwikkel; die 
pars guadrata wat by Brachycephalus deur die pterygoied en sduamosum gein- 
vaheer word bly by Afelopus kraakbenig. 

Die punte van ooreenstemming tussen Brachycephalus en Afelopus maak dit 
wel moontlik dat ons hierdie twee genera onder dieselfde subfamilie kan plaas, 
maar om rede die verskille wat hierbo genoem is, lyk dit nie wenslik om die twee 
in dieselfde genus te plaas nie. Blykbaar kan die aard van die skouergordel dus 
nie as basis vir die taksonomie van die Brachycephalidae gebruik word nie. 
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SUMMARY IN ENGLISH 


1. The skull is much longer than broad. 

9. The alary cartilage, whose concave surface faces upwards, is fused anteriorly 
with the tectum and posteriorly with the crista intermedia. 

3. Both prenasal cartilages are present. 

4. The anterior parts of the crista intermedia and of the lamina inferior are 
fused with the solum, a condition probably due to neoteny. 

5, The finger-shaped “Wulst” is absent. 

6. The recessus alaris, the recessus sacciformis and the plica terminalis are 
absent. 

7. The fenestra nasobosalis is large. 

9. The nasal and oropharyngeal glands are typically Ranid. 

9. The processus lingularis and the plica obligua are small. 

10. The eminentia olfactoria is large. 

11. The solum is partly calcified. 

12. A well-developed bursa angularis oris is present. 

13. The vomers are edentulous. 

14. The palatines are absent. 

15. The premaxsillary and the maxillary are both edentulous. 

16. The posterior portions of the os en ceinture are fused with the nasals, the 
frontoparietals and the prootics. 

17. The nasals are fused with each other as are also the frontoparietals. 

18. The large parasphenoid is fused with the ossified base of the skull. 

19. The taenia tecti transversalis is absent. 

90. The prootics and the exoccipitals are intimately fused with each other. 

91. The middle ear, the annulus tympanicus and the plectrum are absent. 

92. The operculum and the musculus opercularis are well developed. 

23. The dguadratomasillary is small. 

24. The cornu hyale is confiuent with the pseudobasal process. 

25. The processtis anteriores of the hyoid apparatus are well developed, but the 
processis posterolaterales are absent as in most Brachycephalidae. 

26. The pectoral girdle is arciferofirmisternal. 
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Contributions to the Cranial Morphology of 
the West African Ranid 
SCHOUTEDENELLA MUTA Witte 
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With 10 Text-figures. 


INTRODUCTION 


The genus Schoutedenella was first described by de Witte (1921) who placed 
it under the Ranidae. According to this author this genus is distinguished from 
the closely related Arthroleptis by the absence of maxillary teeth. It agrees 
with Arthroleptis, however, in having an extremely elongated third finger in 
the male, a secondary sexual characteristic, which, according to Noble (1931) 
is not found elsewhere in the Amphibia. 

Noble (op. cit.) places Schoutedenella under the subfamily Arihroleptinae. 
According to him Schoutedenella and the closely related Cardioglossa have 
apparently arisen independently from different stocks of Arihroleptis by the loss 
of their maxillary teeth. 

Schoutedenella muta was first described by de Witte in 1983, who recorded 
numerous examples from Katanga, Belgian Congo. This new species distinguishes 
itself from the genotype, $.globosa, in having longer hind legs and by the absence 
of vocal sacs, a feature stressed by the specific name muta. It further differs from 
$.globosa in the length of the digits and in not showing sexual dimorphism. 


MATERIAL AND TECHNIOUE 


The material for this investigation consisted of an adult female specimen 
measuring 20.5 mm. from the vent to the tip of the snout. It was captured at 
Kando, near 'Tenke, Belgian Congo, and was kindly supplied by Mr. Arthur 
Loveridge of the Museum of Comparative Zoology, Harvard College, Cambridge, 
Massachusetts, to whom we wish to express our sincere thanks. 

The specimen was prepared in the usual way for microtomy, bulk-stained 
in Borax Carmine and the sections, cut at a thickness of 12 u, were counterstained 
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on the slides in Arzan solution. Graphical reconstructions were made from 
Panphot drawings projected onto graph paper ruled in millimetres. 


THE OLFACTORY CAPSULE 


The nasal septum is prolonged, forming a blunt anterior projection between 
the two nasal capsules (fig. 1). 
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FIGURE 1 


Graphical reconstruction of the skull of Schoutedenella muta X approx. 16.6. . Dorsal 
view. 'Dermal bones removed from left side. 

ar. suboc. arcus subocularis; c. al, cartilago alaris; c. 1. b. c., cartilaginous floor of the 
brain capsule; c. obl,, cartilago obligua; er. par., erista parotica; c. wa. b. C., cartilaginous 
wall of the brain capsule; f. ann. cr., zone of fusion between annulus tympanicus and 
Crista parotica; !. fr, foramen frontale; f. mag. foramen masnum; f. oculo, foramen 
oculomotorium; f. opt., foramen opticum; f. D. t. t. n., Zone of fusion between planum 
terminale and tectum nasi; in. a. ty, ipcompiete annulus tympanicus; 1. inf, lamina 
inferior; 1. sup., lamina superior; mx, maxillary; nas, nasal: 0. e. C., Os en ceinture; 
oCc. con., occipitale condyle; oec. pr. Oss., occipito-prootic-ossification;: oper, operculum; 
p. ar. pd. pars articularis palatoguadrati; p. ext. pl, pars externa plectri; p. med. pl, 
pars media plectri; pr. ad. processus guadratus; pr. max. ant, processus maxillaris 
anterior; pr. ot, processus oticus; auad. mm, Auadratomaxillary; spmx., septomaxillary; 
Sdua., sduamosal; tect. syn. tectum synoticum; t. t. med., taenia tecti medialis: vom., 
vomer. 
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The fenestrae nasobasales are two small foramina situated in the ventral 
wall of the nasal capsule, next to the septum, instead of in the anterior wall as 
in Rana esculenta (fig. 2a). The two foramina are conseduently more postero- 
ventrally situated than in the European Rana (Gaupp, 1896). 

The superior prenasal cartilages are medio-ventrally directed and synchondro- 
tically connected with the alaries. 'The inferior prenasal cartilages are 
ventro-laterally directed and bent at an angle of slightly more than 90%. 

The latero-ventrally situated alary is attached to the lateral side of the 
solum nasi by means of a slender cartilaginous bridge as in Phrynobatrachus 


, R teetn. 


Sept.n. 


Cr. int. rec.med. 

a.b.d.Cp. r.med.nar. 

f ser. f.nasob. 
PER EI sol.n. 

Cal. FT Es) ' 

C.Pren.sup. yy (EP j G im. 

ot “Fos SAE j 

B 


nas. 


r.ext.nar. - ER s tect,n. 

s os rmed.nar. 
c.obl. ie, glnmed 
plobl—R 
apn.ext —— rec.med 
t 

GW. 

#s.Eri. 
c.al. 
pm. 


mm. 
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(du Toit, G. P., 19383) (fig. 2a and b). In Rana esculenta the alary cartilage is 
attached to the lateral side of the solum nasi. 
The alary supports the entire ventro-lateral edge of the apertura nasalis 
externa and stops immediately behind the latter (fie. 2a, bi and le) 
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FIGURE 2A, B and C. 


Consecutive transverse sections through the external narial aperture region of the 
left side; a. immediately in front of the aperture; b. through the external narial aperture 
and c. sliehtly behind the aperture. 

a. b. d. c. p., anterior blind division of the cavum principale; ap. n. ext., apertura 
nasalis externa; Cc. pren. inf. cartilago prenasalis inferiores; c. p., cCavum principale; 
Cr. int., crista intermedia; cr. subn.,, crista subnasalis; d. 1. inf, dorsally-flexed lateral 
edge of the lamina inferior; d. g., dermal gland; e. d. gl. n. lat., efferent duct of the 
glandula nasalis lateralis; #. nasob., fenestra nasobasales;, f. s. er. i, zone of fusion 
between solum and crista intermedia; gl. imx.,, glandula intermaxillaris; gl. nas. med.,, 
glandula nasalis medialis;, G.W., “Gauppian Wulst”; inf, infundibulum; pl. ter, plica 
terminalis; p. T. ves, posterior niche-like recess of vestibulum; pmx. premaxillary; Tec. 
lat., recessus lateralis; T. ext. nar., ramus externus narium; r. med. nar. ramus medialis 
narium; T. op. pl. ter. ridge running opposite to the plica terminalis; sept. n., septum 
nasi; sol. n, solum nasi; t., transition between olfactory epithelium and stratified 
epithelium of vestibulum; up. 1, upper lip. 

Other abbreviations as in previous figure. 
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FIGURE 3A, B and C. 


Consecutive transverse sections through the nasal cavities of the left side, illustrating 
the opening of the nasolacrimal duct into the cavum medium. 
bv., blood vessel; d. nasol., ductus nasolacrimalis; epith. c. med., epithelium of the 
cavum medium; f. 1 inf. Cr, Zone of fusion between lamina inferior and crista 
intermedia; m. med. nar, musculus medialis narium; pl. i, plica istOmis di df, 
upwardly sloping medial portion of the lamina inferior; v. rec. inf, ventral recess of 
the infundibulum. 

Other abbreviations as in previous figures. 
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Both frontal foramina are present. j 

The cartilago obligua is suspended from the tectum and bounds the apertura 
nasalis externa dorsally. 

The crista intermedia is more vertically directed than in Rana, being dorsally 
confiuent with the tectum and ventrally with the solum. In this way it separates 
the recessus medialis from the cavum principale in the anterior part of the nasal 
Capsule (fig. 2a, b and c). 

The lateral portion of the lamina inferior is completely fused with the solum 
(ies. 2c and 8a, b and c). In the normal Anuran condition the cavum medium 
is ventrally supported by the lamina inferior. In Schoutedenella, however, the 
crista subnasalis is attached ventro-laterally to the ventral cartilaginous support 
of the cavum medium and, since the crista subnasalis arises from the solum, 
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it is obvious that fusion between the latter and the lamina inferior must have 
taken place. 

The medial support of the cavum medium is probably formed by the lamina 
inferior alone, where it becomes confiuent with the ventral portion of the crista 
intermedia. 'The upwardly sloping medial portion of the lamina inferior also 
forms the lateral wall of the anterior part of the recessus lateralis (fig. 3a, b and &). 
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FIGURE 4A, B and C. 


Consecutive transverse sections through the nasal region of the left side, illustrating 
the relation of the planum terminale to the rest of the olfactory capsule and the 
forming of the dorsolateral fenestra. 

PD. c., buccal cavity; b. olf. n, branches of the olfactory nerve; e. d. gl. imx., efferent 
ducts of the glandula intermaxillaris; em. olf., emiprentia olfactoria; p. f., palatal fold 
(“Gaumenleiste”); pr. ling, processus lingularis; be transition between columnar 


epithelium of buccal cavity and stratified epithelium of upper lip. 
Other abbreviations as in previous figures. 


In this region the lamina superior is attached to the erista intermedia (fig. 3a). 

In an investigation in progress, du Toit points out that a marked degree of 
fusion between the lamina inferior and solum obtains in all the Microhylidae 
hitherto examined, as well as in the “microranids”, and that this condition is 
indicative of neoteny. 

He divides the '“microranids” into five groups, with regard to the lamina 
inferior - solum relationship. The first and most neotenic group comprises 
Arthroleptides, Arthroleptis and Phrynobatrachus; in these the fusion between 
the lateral part of the lamina inferior and the solum extends antero-posteriorly 
to a point slightly behind the region in which the lamina inferior becomes 
confiuent with the planum terminale of the cartilago obligua. In Schoutedenella, 
however, the fusion between these two structures is even more extensive, their 
severance taking place far behind the fusion of the planum terminale and lamina 
inferior 4 solum. 
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The septomaxillary is attached to the lateral edge of the lamina superior, 
and together these structures form a roof for the cavum medium, separating it 
from the cavum principale. Laterally the cavum is supported by the dorsally 
fiexed lateral edge of the lamina inferior whose horizontal part is fused to the 
solum. 

At the level of the opening of the nasolacrimal duct into the cavum medium, 
this dorsally flexed lateral edge of the lamina inferior is enormously developed 
(fig. 3a, b and €). 

Posteriorly the medial edge of the lamina superior fuses with an elevation 
of the solum at the same level in which the planum terminale becomes confluent 
with the lamina inferior 4 solum. Somewhat similar conditions obtain in 
Anhydrophryne (de Villiers, 1931), Phrynobatrachus (du Toit, G. P., 1983) and 
Arthroleptis (du Toit, in progress). 

The fusion of the cartilago obligua with the lamina inferior results in the 
formation of a groove in which is lodged the anterior part of the nasolacrimal 
duct (fig. 4a). 'The ventral and lateral portions of the groove are formed by the 
solum - lamina inferior and the dorsally flexed lateral edge of the lamina inferior 
respectively. 

The processus lingularis is well-developed. The posterior part of the planum 
terminale fuses with the downwardly sloping tectum (fig. 4b and c), thus enclosing 
a large dorso-lateral fenestra (fig. 1). 

Posteriorly the ventral edge of this cartilage gradually curves round and fuses 
with the solum, thereby closing the choana. 

The crista subnasalis is a strongly developed, ventromedially fiexed cartilage. 

The rest of the nasal capsule is essentially similar to that of the European 
Rana. 


THE NASAL CAVITIES 


The nasal cavities of Schoutedenella are characterised by the absence of 
the recessus alaris, recessus olfactorius (Helling, 1938) or recessus ventromedianus 
(du "Toit, 1933) and the recessus sacciformis. 

The apertura nasalis externa is laterally situated. In the closing of the 
apertura, the external folds bounding the opening fuse, thereby forming a 
canal, representing the posterior niche-like recess of the vestibulum (fig. 9). 

The plica obligua is a weli-developed connective tissue ridge, suspended 
from the cartilago obligua as in various other Anura. 'The first Gauppian 
“Wulst” is present and is supported by the dorso-lateral edge of the alary. 
Conseduently the 'Wulst” does not replace the alary in the posterior part of 
the apertura, as is usually the case, but retains its function of serving as a 
pad, against which the plica oblidua presses during certain respiratory 
 movements, to shut of the posterior niche-like portion of the vestibulum from 
the cavum principale. It ends immediately behind the closing of the apertura. 

No trace could be found of the second, finger-shaped, Gauppian '“Wulst.” 

The cavum principale does not reach beyond the level of the apertura 
nasalis externa, so that it lacks a blind anterior extension. .'The vestibulum 
leads into a well-developed infundibulum, which has the usual ventral recess 
situated on the ventral side of the musculus medialis narium and the dorso- 
lateral side of the cavum medium. 'Tt is medially and dorso-laterally supported 
by the anterior, divided part of the septomaxillary (fig. 3b). 
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Roux (1944) points out that the presence of the ventral recess always 
depends on the entire absence or poor development of the plica obligua. In 
Schoutedenella, however, the plica obligua is strongly developed, although not 
projecting into the cavum principale and the ventral recess is comparatively 
large. 

The plica isthmi differs considerably from that described by Gaupp for 
Rana, being only a blunt epithelial fold similar to that of Arthroleptides 
(du 'Toit, 1938). This medio-ventrally directed epithelial fold is supported 
throughout its length by the processus lingularis. 

The plica terminalis, being only a blunt ridge, is rather poorly developed, 
and conseduently the confiuency between the infundibulum and cavum 
principale is difficult to locate. 

The eminentia olfactoria is well-developed in front of the choana, but 
disappears in the choanal region. 

The recessus medialis of the cavum inferius (the. so-called Jacobsoms organ) 
is much more anteriorly situated than the recessus lateralis, reaching to the 
anterior wall of the nasal capsule and occupying practically the entire space 
between the septum and the crista intermedia. Tt consists of high sensory 
epithelium and is posteriorly surrounded by the irregularly distributed tubules 
ot the glandula nasalis medialis (fig. 2a, b and c€). 

At the level of the anterior part of the dorsally flexed lateral edge of 
the lamina inferior, the cavum inferius divides into the undiferentiated 
epithelium of the recessus lateralis and the sensory epithelium of the blind 
posterior extension of the recessus medialis, which is continued for a short 
distance on the lateral side of the septum. 

The posterior part of the recessus lateralis is known as the recessus 
maxillopalatinus. It is supported laterally and ventrally by the strongly developed 
facial process and by the palatal process of the maxillary respectively. and 
finally disappears along the roof of the buccal cavity. 


GLANDS OF THE OLFACTORY REGION 


The anterior part of the glandula nasalis medialis stretches as far forward 
as the antero-medial part of the recessus medialis. 'The tubules of the gland 
incompletely surround the recess. 'The majority of the tubules are situated in 
the region of the posterior blind extension of the recessus medialis, but they 
do not reach as far backward as in Rana. At the level of the communication 
of the recessus lateralis with the recessus medialis, the short duct of the gland 
opens into the ventro-lateral side of the latter. 

The glandula nasalis lateralis is situated behind the apertura nasalis externa 
as in Arthroleptides (du Toit, 19388). 'The gland occurs mainly on the lateral 
side of the planum terminale as in Rana. A few of its posterior tubules are, 
however, situated on the medial side of the planum terminale. Its long, efferent 
duct slopes upwards and forwards to open on the medial side of the plica 
obligua as is usually the case (fig. 2). 

The glandula intermaxillaris occupies the pre- and subnasal spaces and 
is entirely extracapsular. 'The ducts of the gland open into one another until 
three main channels are formed. Proceeding backwards these merge into a 
single duct, which opens into the buccal cavity between the choanae as in 
Arthroleptides (du Toit, op. eit.). 
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Miller (1932) divides the Anura into five different types, according to the 
manner in which the intermaxillary gland opens into the buccal cavity. From 
a generalised state (characterised by a varying number of irregularly disposed 
openings near the middle of the roof of the buccal cavity) specialisation takes 
place in two directions, one (type 1) in which there are two openings situated 
symmetrically about the middle line and another (type V) in which a number 
of openings are concentrated at the front edge of each choana. Du 'Toit 
(op. cit. D. 897) states: “This representation of the phylogenetic development 
of the gland is not wholly speculative and should it be borne out by further 
research, Arthroleptides would constitute a sixth type representing the final 
stage of specialisation in this direction.” Schoutedenella would probably also 
belong to this type. 

The two divisions of each of the two “Rachendriisen” are first sectioned 
in the niveau of the posterior parts of the choanae. 'The lateral division opens 
by means of two ducts into the lateral part of the buccal cavity; the one is 
situated immediately postero-median to the other. Behind the choana the 
separation between the two divisions becomes somewhat arbitrary, but it would 
appear that the median division opens into the buccal cavity by means of 
three ducts, two of which are situated next to each other postero-medianly to 
the remaining one. 'The gland is continued far backwards, and posteriorly its 
median division situated ventro-laterally to the os en ceinture increases in size. 
In this region the lateral division decreases and disappears, but the median 
one is continued backwards to a point slightly behind the middle of the eye. 


MEMBRANE BONES OF THE OLFACTORY REGION 


The nasals are of enormous size, but as du Toit (19338) has pointed out 
in his paper on Rana grayi, this feature is not even of generic importance, 
as the size of these bones differs in species of the same genus. 'The nasals 
extend forward to almost the anterior tip of the olfactory capsule, and the 
part of the bone anterior to the attachment of the cartilago obligua lies in a 
groove in the cartilaginous tectum. In this region the bone invades the tecetum, 
thus simulating perichondral ossification (fig. 2a). 'The shape and size of the 
bone are best understood by referring to figure 1. 

The premasxillaries are more postero-ventrally situated than in Rana, a 
feature probably correlated with the relative disposition of the inferior and 
superior prenasal cartilages as described in a previous section. 

The maxillaries are normal, but lack the frontal processes. Both 
maxillaries and premasillaries are entirely edentulous. 

The septomaxillaries lack the complicated triradiate shape.,so characteristic 
of a large number of the Anura. The antero-medial part of the bone, however, 
has a dorsal sduame (fig. 3a), overlying the dorso-lateral edge of the lamina 
Superior and becoming confiuent with the medial part of the bone in the 
region of the severance of the medial upwardly sloping part of the lamina 
inferior from the crista jintermedia (fig. 3b). Conseguently the bone is 
essentially horseshoe-shaped (fig. 1), but its lateral division is much better 
developed than the medial one. 'The former lies laterally to the infundibulum, 
but more posteriorly it forms the bony roof of the ventral recess of that 
nasal cavity (fig. 3b). This division of the bone is also moulded over the 
medial surface of the planum terminale (fig. 3c). Both the medial and lateral 
portions of the hone disappear simultaneously from the sections. 
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The vomer (“prevomer” of Broom) is a comparatively small and entirely 
edentulous bone. Tt fringes the medially facing choana anterior to which it 
is continued for some distance (fie. 4b and @). 

The palatines are normally developed, their medial ends reaching the os 
en ceinture. 'They disappear immediately behind the plana antorbitalia, and 
the anterior tips of the pterygoids do not reach them. 


THE BURSA ANGULARIS ORIS 


A well-developed bursa angularis oris is present. It does not difer in any 
important respect from that described in other species (du Toit, 1933, 1988). 


THE SPHENETHMOID REGION 


The sphenethmoid (Parker and Bettany, Goodrich) or os en ceinture 
(Cuvier) is normally developed, closely resembling that of Rana grayi 
(du Toit, 19383). 

The first traces of the bone appear in section as perichondral ossifications 
of the dorso-lateral parts of the septum, anterior to the choanae. Tts anterior 
part is ventro-laterally overlapped by the medial edge of the palatines, so that 
there is a bony support for the whole ventral side of the olfactory capsule 
in this Tegion. 'The ossification gradually extends laterally into the tectum and 
ventrally into the solum; it does not however become ring-shaped, but remains 
U-shaped throughout its posterior part. Dorsally it is overlain by the anterior 
tips of the fronto-parietals. 'The posterior part of the planum antorbitale is 
entirely ossified, so that the posterior part of the cavum principale is lodged 
in a Tecess in the os en ceinture, but the ossification never extends as far 
downwards as the planum triangulare. The medio-ventral and dorso-lateral 
cartilaginous parts of the sphenethmoid region are only perichondrally ossified. 
The foramen orbitonasale is situated in the dorso-lateral part of the os en 
ceinture, and the foramen olfactorium is encapsuled ventro-medially and dorso- 
laterally by its anterior part. Further back the ossification is more ventrally 
confined, so that the bone is reduced to a strip of perichondral bone on the 
midventral side of the brain case in the anterior half of the orbital region. 


THE ORBITAL, OTIC AND OCCIPITAL REGIONS 


It is not possible to distinguish between the prootie and exoccipital, as they 
are fused; but patches of the cartilago prootico-occipitalis still remain on the 
medial side of the posterior semicircular canal. A fusion between the prootic 
and exoccipital has been described for various members of the Ranidae such as 
Rana fusca (Gaupp, op. cit), Arthroleptella (de Villiers, 1929), Microbatrachella 
(de Villiers, 1934) and Arthroleptides (du Toit, op. cit.). 

In the cartilaginous lateral wall of the neurocranium there is a large fenestra 
situated between the os en ceinture anteriorly and the fused prootico-exoccipital 
complex posteriorly. This fenestra is filled chiefly with connective tissue, and 
the foramen opticum is situated in its posterior part. 

The taenia tecti medialis is short and blunt, but the taenia tecti transversalis 
does not exist as a separate entity. As the development is unknown, it is 
impossible to say whether it never developed or whether it has become 
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incorporated in the tectum synoticum. It is therefore impossible to say whether 
the large dorsal fenestra is a fenestra fronto-parietalis or a fenestra frontalis. 
This fenestra is, except in the medial line, where the space is filled by connective 
tissue only, completely covered by the frontoparietals. 

The nervus oculomotorius and the arteria carotis cerebralis have a common 


foramen. 'The foramen prooticum is posteriorly and dorsally bordered by the 
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FIGURE BA, B and C. 


Consecutive transverse sections through the otic region of Schoutedenmella muta. 

d. ant., dorsal part of the annulus tympanicus; d. pt. soua., dorsal part of the sguamosal; 
V. 1 r. olf. c, ventro-lateral ridge of the olfactory capsule; m. c., marrow cavity; m. d. 
proc. sd. medio-dorsal process of the sguamosum; m. e., cavity of the middle ear; p. h. 
pr. b., posterior horn of the processus pseudobasalis; p. int. pl, pars interna plectri; 
pr. asc. p. ext. pl, processus ascendens partis externae plectri; r. pal, ramus palatinus; 
ti. €., transitional cartilage; u. a. h. pr. b., upper anterior horn of the processus 
pseudobasalis; v. ant, ventral part of the annulus tympanicus; v. 1. rm. olf. c., ventro- 
lateral ridge of the olfactory capsule; v. pt. sdua., ventral part of the sguamosal. 

Other abbreviations as in previous figures. 


Drootico-exoccipita] complex and antero-ventrally by the cartilage of the lateral 
wall of the brain case (fig. 1). 

The frontoparietals are large bones, separated from each other by connective 
tissue; the downwardly directed postero-lateral part of each frontoparietal is 
fused with the prootico-exoccipital complex. Further back the two bones 
regain their individuality. 

The parasphenoid is typically dagger-shaped, but its two posterior transverse 
arms are more slender and more posteriorly situated than in Rana. 

In the region of the internal ear, the otic capsule is extensively ossified. 
Even the partition separating it from the brain cavity is strongly ossified 
throughout. 'The ossification of the cartilage bones, however, never reaches as 
far laterally as the crista parotica. 'The ventro-lateral ridge of the otic capsule 
also remains cartilaginous throughout, although its posterior part is strongly 
calcified. 

The two foramina perilymphatica and the foramen jugulare are situated 
very close to each other; conseguently, the foramen perilymphaticum superius 
is ventro-laterally directed and opens together with the foramen perilymphaticum 
inferius into the jugular foramen. 


34 


The foramen trochleare, #. acustica, f. endolymphaticum and the general 
configuration of the orbital, otic and occipital regions do not deviate greatly 
from the Ranid type. 1 


THE SOUND CONDUCTING APPARATUS 


The sound conducting apparatus corresponds to the general Ranid type. 
The right annulus tympanicus is funnel-shaped and the left one is sickle- 
shaped, the discontinuity facing upwards and backwards. 'The postero-dorsal 
rim of each annulus is connected both synchondrotically and syndesmotically to 
the lateral side of the crista parotica. Du Toit (1938), however, points out that 
the shape of the annulus and its relation to the crista parotica are apparently 
of no taxonomic value, as both the sickle-shaped and the ring-shaped types 
occur in one and the same family. 

The pars externa mplectri is a large cartilaginous rod-like cartilage. 'The 
processus ascendens partis externae plectri, connecting the medio-dorsal side 
of the pars externa plectri to the ventro-lateral side of the crista parotica, 
is completely cartilaginous as in Rama esculenta (Gaupp, op. cit). In 
Arthroleptides (du Toit, op. cit) and Petropedetes (du Toit, 1948) the processus 
ascendens is in the process of being transformed from a cartilaginous rod into 
a ligament. 

The only other feature of the otherwise normally developed sound conducting 
apparatus, illustrated in figure 5a, b and c, is the extensive calcification of 
the middle part of the operculum. 


THE PALATOGUADRATE AND THE SUSPENSORIAL REGION 


The masxillary and the guadratomasxillary bear the usual relationship to each 
other. 'The processus pterygoideus is encased medially and dorsally by the 
pterygoid. In the articular region the sduamosal fuses with the auadrato- 
masxillary (fig. 6a) and upon the severance of this connection the latter invades 
the pars guadrata (fig. 6D). 


Saua. pter. Sgua. pter. 


FIGURE 6 


Consecutive transverse sections through the articular region of the left side, illustrating 
the fusion of the guadratomasxillary and the sguamosal. 

f. sa. d. m., zone of fusion between the sauamosal and the dguadratomaxillary. 

Other abbreviations as in previous figures. 
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These conditions are similar to those obtaining in one of the specimens of 
Rana grayi investigated by du Toit (op. cit). Immediately beneath the invaded 
part the processus dguadratus is also enchondrically ossified. 'The guadrato- 
maxillary disappears without regaining its identity. 

The scuamosal is a strongly developed bone. In the region where the crista 
parotica T#irst appears in section, its whole lateral side is invaded by the 
sduamosal, and thus a compound bone, possessing a large marrow cavity is 
formed. Phrynomerus (de Villiers, 1930) shows similar conditions. 'The dorsal 
posterior process of the sguamosal is a long, flat bone, covering almost the entire 
crista parotica. Its ventrally directed process invests the lateral part of the 
palatodguadrate. 

The processus oticus is a vertically disposed cartilage stretching from the 
Crista parotica to the pars dguadrata of the palatoguadrate (fig. Ba, b and @). 

The pterygoid invests the medial side of the upper anterior horn of the 
processus pseudobasalis as illustrated in figure 5b. 'The posterior horn of the 
latter articulates with the ventro-lateral surface of the otic capsule (fig. BE). - 


THE LOWER JAW 


The mentomandibular appears as a perichondral ossification of the anterior 
part of Meckel's cartilage. 'The dividing connective tissue between the former 
and the pars mentalis of the dentary has disappeared, thus causing a fusion 
between the bones in duestion. 

On the medial side of the mentomandibular Meckel's cartilage is strongly 
calcified, whereas the symphysis itself consists of hyaline cartilage. 'The lateral 
extremity of each mentomandibular is prolonged backward as a short process 
running parallel to Meckels cartilage (fig. 7). 


gon- mento. Car. ep. sym- p.d..j M c.c. 


FIGURE '" 


Graphical reconstruction of the anterior part of the lower jaw. X 41. 5. 

car. ep., cartilaginous epiphysis; dent. dentary; gon., gonial; Mc. c., Meckel's cartilage; 
mento., mentomandibular; p. d. 1. j, posterior diverticulum of the lower jaw; sym, 
symphysis. 

Other abbreviations as in previous figures. 


This process is obviously of taxonomic value, as it is a constant feature of 
all the Microhylidae hitherto described. Among the Ranidae a similar process 
occurs in Arthroleptides dutoiti (du 'Toit, op. cit), but not in Petropedetes 
johnstonii (du Toit, op. cit), although, according to Noble's classification, these 
two species belong to the same subfamily. According to Boulenger (1905) 
it would appear that a somewhat similar structure occurs in the lower jaw of 
the male of Petropedetes natator, but this point needs coniirmation. 

Although the process in guestion is better developed in Schoutedenmella 
than in Arthroleptides, it still does not attain the same proportions as in a 
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typical Microhylid. The musculus submentalis is enlarged and is attached to 
the medial side of the process. In respect of the enlargement of this muscle 
as well as of the m. geniohyoideus medialis, Schoutedenella approaches more 
closely to the Microhylid than to the Ranid type. 


THE HYOID APPARATUS 


In its general features the hyoid apparatus corresponds to that of Rana 
esculenta as described by Gaupp in the “Anatomie des Frosches” (1896). 'The 


pr. post.med. 


pr.post.lat. 


FIGURE 8 


Graphical reconstruction of the hyoid apparatus. Ventral view. X approx. 14. 'The 
larynx is drawn in outline only to indicate its position. $ 

C. hy., Corpus hyoideum; hy. hyale; man., manubrium; pr. al, brocessus alaris; pr. ant, 
processus anterior; pr. asc. hy, processus ascendens hyale; pr. post. lat, processus 
postero-lateralis; pr. post. med. processus postero-medialis. 

Other abbreviations as in previous figure. 
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posterior part of the alary 'process, however, merges gradually into the corpus 
Cartilaginis hyoideae as in Arthroleptides dutoiti (du 'Toit, op. cit) and in 
Rhacophorus maculatus (Trewavas, 1933), and the cornu principale is not 
separated by connective tissue from the cartilago prootico-occipitalis, but is 
fused with the postero-lateral side of the otic capsule. A synchondrotie union 
between the cornu principale and the otic capsule occurs in the majority of 
the Anura hitherto microscopically examined. 

The processis anteriores of the manubrium are well-developed and extend 
laterally (fig. 8). 'The width of the corpus is more than twice its length, in 
this respect resembling that of Rana jfuscigula (Trewavas, op. cit). 'The 
processtis postero-mediales are directed sharply inward. 'The processês postero- 
laterales diverge widely from each other as shown in figure 8 and are, except 
for their cartilaginous epiphyses, almost completely perichondrally ossified. 

The anterior portion of the arytaenoid overlaps the posterior portion of 
the corpus. 


THE CARTILAGINOUS LARYNX 


In Schoutedenella the laryngeal apparatus, relative to the hyoid apparatus, 
is more anteriorly situated than in Rana esculenta. As in Rana jfusca the 
aditus laryngis faces directly forwards, a condition brought about by a slight 
rotation of the arytaenoids. 

According to Wilder and MArtens (duoted from Gaupp, 1904) this position 
of the arytaenoids is a primitive condition. 

In Rana esculenta Gaupp describes a prominentia apicalis anterior as well 
as a prominentia apicalis posterior, bordering the incisura apicalis ventrally 
and dorsally respectively. Similar conditions obtain in Schoutedenella. 

The medial border of the incisura is supported by an antero-ventrally 
projecting cartilage, which is connected by. procartilage to the arytaenoid, as 
shown in figure 9. 


pr. aschy. 


prappost. 


FIGURE 9 


Graphical reconstruction of the hyoid apparatus.  Lateral view. X approx. 14. 

Cc. ap, cartilago apicalis; c. ary., cartilago arytaenoidea; p. C. ap. a, pro-cartilaginous 
connection between the cartilago apicalis and the arytaenoid; p. cric, pars cricoidea; 
pr. ap. ant, prominentia apicalis anterior; pr. ap. post, prominentia apicalis posterior; 
pr. pul, processus pulmonalis; p. trach., pars trachealis; sp. oes, spina oesophagea. 
Other abbreviations as in previous figure. 
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According to Gaupp the lateral border of the incisura apicalis is supported 
by the cartilago apicalis, which is in syndesmotic union with the arytaenoid. 
Blume (1931) maintains that the fairly large cartilage situated midway between 
the prominentia apicales in Rana esculenta is in synchondrotie union with the 
arytaenoid and for this reason cannot represent the cartilago apicalis. He 
identifies as cartilago apicalis a small cartilage, syndesmotically connected to 
the arytaenoid, but situated close to the prominentia apicalis posterior. The 
larger cartilage, confiuent with the arytaenoid, he calls the prominentia aplicalis 
intermedia. 'The latter, however, agrees topographically with the cartilago 
apicalis in the sense that Gaupp has used the term, but in the specimens 
investigated by Blume it is in synchondrotic and not in syndesmotic union With 
the arytaenoid. This author is apparently unaware of the fact that the cartilago 
apicalis, being a derivative of the arytaenoid, can maintain its synchondrotic 
union with the arytaenoid in the postmetamorphic life of the frog, a condition 
which might be ascribed to neoteny. It is possible that Gaupp overlooked the 
small cartilage found hy Blume, or that it does not occur in all specimens, 
put it is obvious that Gaupp regarded the larger of the two cartilages as the 
cartilago apicalis and that Blume's interpretation is not tenable. 

The pulvinaria vocalia ventralia and dorsalia are present (fig. 10). 


ad.l. 


pr. ap.post: 


FIGURE 10 


Graphical reconstruction of the larynx. Ventral view. X 21. 

ad. 1, aditus laryngis; inc. ap., incisura apicalis; 1. t. s., laryngo-tracheal sac; pr. ar. post. 
processus articularis posterior; pr. musc., processus muscularis: p. v. d., pulvinaria vocalia 
dorsalia; p. v. v. pulvinaria vocalia ventralia; tr. comm., transverse commissure between 
the two processis pulmonales. 

Other abbreviations as in previous figure. 


The cartilagines basales are absent. 

The pars cricoidea of the cartilago crico-trachealis is not elliptical as in 
Rana, but forms a wide are, bounding the dorso-lateral part of the laryngo- 
tracheal sac (fig. 10). It is thus evident that the part of the cricoid anterior 
to the attachments of the processis tracheales is altogether absent. A similar 
incomplete cartilago erico-trachealis obtains in Pelobates (Blume, 1931), 
Dendrobates (Henle, 1839; guoted from Blume, 1931) and Rhacophorus (Frazier, 
1924; auoted from 'Trewavas, 1933). ' 
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The processus articularis posterior is represented by an expanded portion 
of the cricoid. Its inner surface is attached syndesmotically to the dorso-lateral 
part of the arytaenoid and to its outer surface is attached the ligamentum 
hyoericoideum which establishes a connection between it and the perichondrally 
ossified part of the processus postero-lateralis. 'The processus muscularis is 
present as a ventral extension of the anterior part of the ericoid cartilage. 
From the medio-dorsal part of the latter the well-developed spina oesophagea 
stretches backwards (fig. 10). 

The tracheal processes of the pars trachealis enclose the laryngo-tracheal 
sac laterally. On the ventro-medial side of the laryngo-tracheal sac the 
processtis tracheales are joined by a thin transverse commissure, which is only 
about 20u thick. A processus obturatorius is absent. j 

Beyond this transverse commissure the processis tracheales are continued 
backwards as the well-developed processis pulmonales on the ventral side of the 
laryngo-tracheal sac and the lungs. 'These processes reach backwards as far 
as the spina oesophagea of the cricoid cartilage. 


DISCUSSION 


A few points in the skull of Schoutedenella merit further discussion. 'The 
1amina inferior is fused with the solum nasi, which according to du 'Toit 
(investigation in progress) is a neotenic condition. Tn Schoutedenella these 
two structures are even more intimately fused than in his most neotenic 
Sroup. According to Pentz (1943) this fusion may probably prove to be a 
characteristic of a large number of the Microhylidae. 

The nasal capsule possesses a dorso-lateral fenestra, which is a characteristic 
feature of the Urodela. According to Born (1876) the planum terminale is 
confiuent with the downwardly sloping hnasal roof in larvae of Bombina and 
Pelobates, thereby forming a fenestra dorso-lateralis. Stadtmiller (1936) regards 
this condition as a primitive feature and it is interesting to note that it is 
encountered in a large number of Microhylidae such as Breviceps (de Villiers, 
1931), Probreviceps (de Villiers, 19383), Spelaeophryne (de Vos, 1935) and Callulina 
krefjti (Roux, in press), but not. in a single Ranid. (It also occurs in. 
Brachycephalus (McLachlan, 1943).) In this respect, therefore, Schoutedenella 
approaches much more closely to the Microhylid than to the Ranid condition. 

The mentomandibular possesses a backwardly, directed lateral epiphysis, 
a constant feature of Microhylidae hitherto investigated. The Ranid genus 
Arthroleptides has a somewhat similar process concerning whose significance 
du 'Toit (op. cit. p. 407) writes: “It may be a case of parallel evolution, a 
phenomenon for which the Anura are notorious, but it is also possible, and 
even probable, that Arthroleptides is a member of the ancient Ranid stock 
from which the Microhylidae are derived. 'There is every sien that enlargement 
of the process in Arthroleptides would lead to the Microhylid type of lower 
jaw and gular musculature.” In Schoutedenella the process is not only better 
developed than in Arthroleptides but the gular musculature too is more of 
the Microhylid type. In this respect again Schoutedenella approaches more 
closely to the Microhylid than to the Ranid type. 

Finally, with regard to the laryngo-tracheal apparatus, Schoutedenella shows 
neotenie features, such as the pro-cartilaginous connection of the cartilago 
apicalis with the arytaenoid since Gaupp (1904) pointed out that the cartilago 
apicalis is a derivative of the arytaenoid. 
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According to Gaupp (1904) each half of the ericotracheal ring develops as 
a result of the fusion of two independent dorsal and ventral cartilages in the 
Anuran specimens he investigated. As the development in Schoutedenella is 
not known, it is impossible to state whether the occurrence of an incomplete 
cricoid ring (the ventral half being missing) is a neotenic, primitive or specialised 
condition. ; 

The ventral, rotation of the anterior parts of the arytaenoids in 
Schoutedenella should be regarded as primitive, as Wilder and Martens (guoted 
from Gaupp, 1904) have pointed out. 

The presence of Microhylid characteristics in the three Ethiopian Ranidae 
Schoutedenella, Arthroleptides (du 'Toit, op. cit) and Petropedetes (du 'Toit, 
op. cit) strengthens the theory that the Microhylidae are derived from the 
Ranidae, or that the three above-mentioned Ranid genera are representative 
of the ancient Diplasciocoelous stock, from which both the Microhylidae and 
the Ranidae have been derived. 


SUMMARY 


1. The fenestra nasobasalis is situated in the anterior cartilaginous floor 
of the nasal capsule. 

2. 'The superior prenasal cartilages are ventro-medially and the alaries 
ventro-laterally directed. 

3. 'The inferior prenasal cartilages are ventrally bent at an angle of slightly 
more than 90”. 

4. The alary supports the entire ventro-lateral edge of the vestibulum 
and the apertura nasalis externa. 

5. Both the foramina frontalia are present. 

6. Only the first Gauppian '“Wulst” is present. 

7. A dorsal fenestra is present in the antero-lateral part of the cartilaginous 
nasal roof. 

8. The anterior portion of the lamina inferior is fused with the solum. 

9. 'The septomasillary is essentially horseshoe-shaped. 

10. The crista intermedia is nearly vertically directed between the solum 
and the nasal roof. 

11. The posterior part of the lamina superior is fused with the solum. 

12. 'The glandula intermaxillaris has a single opening into the buccal cavity. 

13. 'The recessus sacciformis and the recessus alaris are absent. 

14. 'The ductus nasolacrimalis does not communicate with the ventral 
recess of the infundibulum. 

15. 'The nasals reach almost to the anterior tip of the nasal capsule and 
are  well-developed. 'Their anterior tips invade the underlying cartilage, 
simulating perichondral ossification of the latter. 

16. 'Teeth are entirely absent. 

17. A bursa angularis oris is present. 

18. 'The os en ceinture is U-shaped. 

19. 'The posterior part of each frontoparietal is fused with the underlying 
ossification. 

90. 'The prootic and exoccipital are fused. 

21. 'The processus ascendens partis externae plectri is completely 
cartilaginous. 

92. The left annulus tympanicus is incomplete. The right one is ring-shaped. 
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23. The whole antero-lateral part of the crista parotica is invaded by 
the sauamosal. 

24. The taenia tecti transversalis is absent. 

25. The sauamosal forms a narrow bony connection with the guadrato- 
maxillary, prior to the latters invasion of the pars aguadrata. 

26. The foramen perilymphaticum superius is ventro-laterally directed and 
leads directly into the jugular foramen at the same level as the foramen 
perilymphaticum inferius. 

21. The mentomandibular possesses a posteriorly directed lateral epiphysis. 

28. 'The processus alaris has no posterior process. 

29. The hyale is confiuent with the otic capsule. 

30. The pars cricoidea of the cartilago crico-trachealis is not elliptical, but 
forms a wide arc. 
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INTRODUCTION 


Tn 1768*) Laurenti described a certain toad as Bufo obstetricans, but in 
1820) Merrem removed this species from the genus Bufo and created a new 
genus, Bombinator, for its reception. Subsedguently the generic and specific 
names were changed several times, until in 1830) Wagler instituted the name 
Alytes, which has been accepted by all subseguent authors. 

The genus Alytes was first included in the family “Raniformes” by Duméril 

and Bibron (1841). In 1858,*) however, Giinther established the family Alytidae 
for the reception of Alytes. In 1865*) Cope instituted the family Discoglossidae, 
which included the following genera: Discoglossus, Bombinator, Alytes and 
Liopelma. 'This classification of Alytes was retained by Hoffmann (1878—'8), 
` Boulenger (1882), Gadow (1901) and Nieden (19238). In the discussion of the 
Australian-Papuan fauna, Noble (1922) remarks upon the striking resemblance 
between Liopelma and Ascaphus, the two genera for which he, in 1924, created 
the family Liopelmidae. . 

A detailed description of the external features of Alytes obstetricans Will 
be found in Boulenger (1882 and 1896). 'The most important cranial features 
mentioned are: '“Vomerine teeth in a transverse series, interrupted in the 
middle, behind the choanae; the series extends outwards to the vertical of the 
inner or of the outer border of the choanae. 'Tongue large, thick, circular, 
slightly free behind. Head large, moderately depressed, broader than long. 
Tympanum circular, three-fifths to four-fifths the diameter of the eye” 
(Boulenger, 1896, p. 163). The macroscopic anatomy of the skull was described 
by Parker (1881). 


*At the end of 1945 Mr. Maree obtained the M.Sc. degree, cum laude, of the 
University of Stellenbosch. He was then appointed Field Zoologist in the Department 
Of Veterinary Services of the Government of Kenya. We deeply regret to aAnnoUnNEE 
(hat his scientific career was cut short on February 13th, 1946, by his untimely death, 
soon after he had commenced working in Kenya. —'The Zoological Staff. 

*) Not seen in the original. 
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MATERIAL AND 'TECHNIOUE 


The specimens used for this investigation were obtained from Germany in 
1929. 'TWwO specimens, a male and a female, measuring 42 mm. and 44 mm. 
from tip of snout to vent respectively, were prepared in the usual way for 
mierotomy. * 

The heads of the two specimens were bulk-stained in borax carmine, 
embedded and sectioned at a thickness of 16u and 20u respectively. Subseguently 
the sections were counterstained on the slides in Azan solution. 

For the purposes of the graphical reconstructions, drawings made with the 
aid of the panphot microscope were projected onto graph paper ruled in 
millimetres. 

The skull of a third specimen was macerated and studied macroscopically. 


THE OLFACTORY CAPSULE 


The anterior parts of the two nasal capsules are completely separate. 
Each has its own medial wall, which posteriorly becomes attached to the 
septum nasi. A median vertical groove is thus formed into which a stout, 
ventral, anteriorly directed process of the septum nasi is prolonged (Fig. 1). 
A somewhat similar arrangement is jound in Microhyla (Roux, 1944), 
Elachistocleis (Pentz, 1942) and.  Pelobates (Born, 1876). 


' 1 MM. 


FIGURE, 1 


Transverse section through the olfactory capsule in the region of the external narial 
aperture. 

Cc. al, cartilago alaris; c. obl, cartilago obligua; c. p., Cavum principale; c. p. inf, 
cartilago prenasalis inferior; c. p. sup., cartilago prenasalis superior; gl. imx, glandula 
intermaxillaris; i. w., inner wall of olfactory capsule; pmx, premaxillary; p. obl., plica 
obligua; Tv. ext. n, ramus externus narium; sept. n, septum nasi. 


ETE 7a 
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In the early stages of the ontogeny (Born, op. cit, Gaupp, 1892 and 
Stadtmiller, 1936) each nasal sac has its own cartilaginous medial wall, which 
secondarily fuses with the septum. 'The retention of this larval feature in 
the adult Anura should be regarded as neotenic (Pentz, op. cit). 'The space 
between the anterior parts of the nasal capsules is another interesting point 
of comparison with the cavum internasale present in many Urodela. 
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FIGURE 9A and B. 
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FIGURE 2A, B and C. 


Consecutive transverse sections through the nasal capsule in the region of the convergence 
of the anteriorly separated parts. ) 

a. lac. d., anterior part of nasolacrimai duct; cv. med., cavum medium; c. sub., crista 
subnasalis;, $#., foramen frontale; gl. nas. lat, eglandula nasalis lateralis; gl. 0. jint, 
glandula oralis interna; inf, infundibulum; 1. inf. lamina inferior; |. sup., lamina 
Superior; max, Masxillary; nas, nasal; pla. term. planum terminale; p. term, plica 
terminalis; rec. lat., recessus lateralis; rec. med., recessus medialis; rec. v. med., recessus 
ventro-medianus; Tr. med. n, ramus medialis narium; sol. n., solum nasi; spmx, 
septomaxillary; ves, vestipbulum. : 

Other abbreviations as in previous figure. 


Both the prenasal cartilages are present; the superior one, which is short, 
is in weak synchondrotic continuity with the anteroventral side of the alary and 
Supports the anteriorly directed process of the premasxillary. 'The inferior one 
is large, and its anterior hooked end, forming the main support of the 
preimasxillary, is bent downwards at an angle exceeding 90” (Fig. 2a, b and c). 
A similar condition obtains in Arthroleptides (du 'Toit, 1938). Posteriorly the 
inferior prenasal cartilages are in synchondrotic continuity with the solum nasi. 

The well-developed alary cartilage is continuous with the lateral edge of 
the solum (Fig. 2a), and supports the ventro-lateral portion of the vestibulum 
as in Ascaphus (de Villiers, 1934a), Microhyla (Roux, op. cit.) and Elachistocleis 
(Pentz, op. eit.). ' 

The antero-lateral part of the tectum gives rise to the cartilagso oblidua, 
whose anterior portion supports the dorsal edge of the apertura nasalis externa 
(Fig. 2a). 'The planum terminale of the cartilago obligua fuses with the 
posterior median border of the lamina inferior of the crista intermedia and is 
Gontinued as a posteriorly directed horizontal processus lingularis, supporting 
the plica isthmi (Figs. 3 and 4). 
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The crista intermedia with its lamina superior and lamina inferior arises 
from the septum nasi, anteriorly to the fenestra nasobasalis (Fig. 2b), whereas 
In Rana it arises from the anterior part of the tectum adjoining the septum, 
dorsally to the fenestra nasobasalis. It is continuous laterally with the lamina 
inferior, which is anteriorly fused with the solum (Fig. 2a); posteriorly these 
structures separate completely to make room for the laterally and posteriorly 
expanding recessus lateralis. 'The lamina superior, to Which the septomaxillary 
is attached, is given of from the crista intermedia in the region where the 
laterally situated cavum medium appears in section. 'This lamina together 


é sept .n. 
pla.term. 


SPMX. glnas.med. 


lacd: Lsup. ' 


Linf- 


Cv.med. 


Cv.inf. 


Cr. subn. 


Pmx. 


FIGURE 38 


Transverse section through the region of communication between the cavum medium 
and cavum inferius. 

Cc. inf, cavum inferius; sl. nas. med., glandula nasalis medialis, lac. d., nasolacrimal 
duct. j 

Other abbreviations as in previous figures. 


with the septomasillary forms the dorsal support of this cavity, which is 
ventrally protected by the fused solum and lamina inferior and posteriorly 
by the latter alone. The interpretation of this complicated lamina inferior- 
solum relationship has been considerably simplified as a result of du Toits 
investigation on the “microramids.” If these structures are fused in the adult, 
it is apparently always an indication of neoteny. 

In Rana the eminentia olfactoria is weakly developed and unsupported by 
a cartilaginous axis. In Alytes, however, it is fairly thick and is spread over a 
slight upgrowth of the soluam, covered laterally by a portion of the vomer 
(Figs. 4 and 5). 
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In the early stages of the development of the ethmoidal region of Alytes, 
investigated by Peeters (1910), the cartilago oblidua is fused to the planum 
antorbitale. 'There is thus formed a dorsal fenestra situated between the 
cartilago obligua and the tectum nasi. In the adult an anteriorly directed 
process of the planum antorbitale (Fig. 8) probably represents a vestige of the 
cartilaginous bridge, existing during ontogeny. A similar process has been 
described for Bombina (Slabbert, in press), and probably the partial retention 
of this larval feature should be regarded as neotenic. 

The rest of the nasal capsule agrees in its essential features with that of 
the European Rana as described by Gaupp (1896). 
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FIGURE 4 


Transverse section through the region of the eminentia olfactoria. 

b. o. n. branches of olfactory nerve; em. olf, eminentia olfactoria; pl. i, plica isthmi; 
proc. ling, processus lingularis; t., tooth; vo, vomer. 

Other abbreviations as in previous figures. 


THE NASAL CAVITIES 


The apertura nasalis externa is situated dorso-laterally near the tip of 
the snout and is the external opening of the vestibulum, whose anterior part 
leads medially into the cavum principale and ventrally into a well-developed 
infundibulum. 'The plica terminalis, however, indicating the border between 
the infundibulum and the cavum principale, is not too well defined and consists 
merely of a blunt ridge exztending along the ventromedian side of the cavum 
principale (Figs. 2a and b). Posteriorly the infundibulum is flexed beneath 
the cartilago obligua to the lateral side, thus forming a definite ventral recess 
situated parallel and dorsal to the cavum medium and enclosed on its dorsal, 
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ventral and lateral sides by the septomaxillary (Fig. ?b). Similar structures 
are described for Cacosternum (de Villiers, 1931a), Hemisus (de Villiers, 1931b), 
Adscaphus (de Villiers, op. cit), Megophrys (Ramaswami, 1935) and Crinic (du Toit, 
1934). According to de Villiers (op. cit) this structure should be homologised 
with the recessus sacciformis of Rana, a suggestion which is invalidated by 
the presence of a genuine recessus saceiformis in CTinia. 


bV. 
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ant.proc. up.sol. em.olf. 


FIGURE 5 


Transverse section through the olfactory capsule in the region of the anterior process 
of the planum antorbitale to show the opening of the lateral division of the 
“Rachendriise.” 

ant. proc., anterior process of planum antorbitale; b. v., bloodvessel; Gl, “Gaumen- 
leisten”; 1. d. Rdr., lateral duct of “Rachendriise”; r. pal, ramus palatinus; up. sol. em. 
olf., upgrowth of solum nasi, supporting the eminentia olfactoria. 

Other abbreviations as in previous figures. 


Helling (1938) introduces an entirely new nomenclature for the nasal cavities 
in the vestibular and infundibular regions. According to him there is in all 
the Discoglossidae as well as in other Anurans a tendency for the plica obligua 
to fuse with the floor of the cavum medium, thus forming an isolated lateral 
canal for the opening of the nasolacrimal duct, by means of which the secretion 
of the Harderian gsland is conveyed directly to the exterior. 1 find, however, 
that in Alytes the plica obligua is short and blunt and not fused to the floor 
of the cavum medium, as Helling states, and therefore cannot accept his 
interpretation. The plica oblidua, suspended from the cartilago obligua and 
not from the tectum as in Rana, is replaced farther back by the anterior upper 
horn of the septomaxillary (Fig. 2a). 

'The first Gauppian “Wulst” occurs together with the alary cartilage, being 
supported by the latter instead of functionally replacing it in the posterior 
region of the apertura externa. 
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The nasal end of the ductus nasolacrimalis consists of a dorsal half, 
opening into the ventral recess of the infundibulum, while the ventral half 
opens into the lateral side of the cavum medium. Similar conditions obtain 
in Ascaphus (de Villiers, op. cit), Megophrys (Ramaswami, op. cit.) and Microhyla 
(Roux, op. cit). 'The optic openings are normally situated on the free edge of 
the lower eyelid. 

Alytes possesses a fairly well-defined recessus ventromedianus into which 
opens a well-developed glandula oralis interna (Figs. 2a and b). 'This ventro- 
median  pouch, situated in the anterior ventral part of the cavum principale 
and bounded medially by the plica terminalis, is also described by Helling 
(1938) who called it a recessus olfactorius. Similar structures occur in the 
other Discoglossidae (Helling, op. cit.), in Heleophryne (du "Toit, 1930) and in 
Petropedetes (du Toit, 19438). 

The highly vascular lateral wall of the recessus lateralis is eztensively folded, 
so that the internal lining of the cavity is much increased. The recessus 
medialis of the cavum inferius (the so-called Jacobsoms organ), extends farther 
forward than the recessus lateralis, and is normally situated between the solum 
nasi and the crista intermedia (Figs. 2b and €). 

On the whole the nasal cavities, both in respect of relative size and of their 
interrelationships, do not deviate appreciably from those of the European Rana. 


NASAL AND OROPHARYNGEAL GLANDS 


The most comprehensive account of the glands occurring in the Anuran 
head region is that by Miller (1982) supplemented by that of Fêhrenholz 
(19387) to which the reader is referred for a detailed description. 

The largest gland in the olfactory region is the extracapsularly situated 
intermaxillary, whose tubules occupy the pre- and subnasal spaces. Posteriorly 
the gland is tripartite, its lateral divisions extending farther back than its 
median portion. 'The efferent ducts converge towards the middle line and open 
in a transverse row into the anterior part of the roof of the buccal cavity. 
Alytes would,: therefore, belong to Millers “ard type.” 

In Alytes obstetricans the “Rachendriise” is well-developed. 'The medial 
portion of each gland lies in the roof of the buccal cavity into which it opens. 
The tubules of the lateral division, embedded in the connective tissue forming 
the dorsal part of the plica isthmi, communicate at intervals with the cavum 
principale. Posterior to the choanae the two portions of each gland merge 
into each other, and this mass extends backwards along the palatal surface, 
but does not reach the posterior limits of the “hinterer Blindsack” (Gaupp, 
1904) of the cavum principale. 

The glandula nasalis lateralis and the glandula nasalis medialis are both 
present. 'The latter is well-developed and appears in section where the crista 
intermedia posteriorly becomes distinct from the septum nasi. Its efferent duct 
opens normally into the recessus medialis. 

The glandula nasalis lateralis is situated medially to the planum terminale 
and first appears in section some distance posteriorly to the apertura nasalis 
externa. In Bombina and in Discoglossus (Helling, op. cit), as in most other 
Anura, the opening of the efferent duct is situated dorsal to the plica obligua 
in the lateral wall of the cavum principale. Alytes possesses in addition a few 
minor ducts opening farther backward into the cavum principale. 

A well-developed bursa angularis oris is present. 
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MEMBRANE BONES OF 'THE OLFACTORY REGION 


The membrane bones investing the olfactory capsule in the Anuran skull 
are the premaxillary, the maxillary, the vomer, the septomaxillary and the 
nasal. 'The palatine, being in feality an investment of the planum antorbitale, 
may be conveniently treated here as well. 

Both the maxillary and the premasxillary are dentigerous, the dentition 
being of the acrodont type. The premaxzillary has essentially the same structure 
and relationships to the neighbouring parts as in Rana. 

The maxillaries are of normal size and are also typically Ranid in structure, 
with this difference that their frontal processes do not reach the nasals (Fig. 7). 

Each nasal is of moderate size, extending anteriorly up to a point immediately 
behind the attachment of the cartilago obligua to the tectum nasi. A small 
portion of the bone covers the greater part of the extremely narrow tectum 
(Fig. 7), whereas the greater part curves downwards, thus functionally replacing 
the tectum in forming the dorsal support of the cavum principale. Along the 
medio-dorsal line the two nasals are closely approzimated to each other, being 
separated only by a narrow strip of connective tissue. 'The space between the. 
cartilago obligua and the tectum is anteriorly not entirely roofed over by the 
nasal (Fig. 7). Posteriorly, however, the nasal eztends laterally to reach the 
dorsal edge of the planum terminale, to which it is syndesmotically attached. 
After the disappearance of the latter the nasal is situated dorsally to the 
nasdlacrimal duct. The slender postero-lateral extension of the bone overlaps 
the planum antorbitale but never meets the pars facialis of the maxillary. 'The 
antero-lateral side of the nasal is perforated by a small foramen for the 
transmission of a branch of the ramus medialis narium of the ffth cranial 
nerve (Fig. 7). 

Although Parker (1881) regards the septomasillary as absent in 4lytes, it 
is in reality a well-developed membrane bone of the lamina superior, being 
separated from it by connective tissue. In sections the bone is first encountered 
ventrally to the cartilago obligua, thus supporting the dorsal and lateral walls 
of the anterior part of the infundibulum (Fig. 2a). Posteriorly it assumes its 
normal triradiate shape: a dorsal horizontal limb situated ventrally to the 
glandula nasalis lateralis, a ventral horizonta] limb forming the ventral support 
of the cavum medium and a median horizontal limb situated between the: 
infundibulum and the cavum medium (Fig. 2b). Thus the bone encapsules the 
ventrolaterally directed infundibular recess as well as the lateral side of 
the cavum medium. ln the region where the infundibulum and the cavum 
medium communicate with each other, the septomaxsillary is separated into a 
median portion investing the lateral tip of the lamina superior and into a' 
larger 1ateral portion. Farther back the latter encapsules the nasal end of the 
nasolacrimal duct, and finally disappears from section behind the fusion of 
the planum terminale with the lamina inferior (Fig. 2c). Al that now remains 
of the septomaxillary is the medial portion, which disappears simultaneously 
with the lamina superior (Fig. 8). 

The well-developed vomer consists of a postero-medial toothed part and 
an edentulous anterior portion, fringing the choana antero-laterally, anteriorly, 
medially, posteriorly and to a slight extent postero-laterally. Anteriorly the 
pone is attached to the ventral and lateral edges of the cartilaginous support 
of the eminentia olfactoria (Figs. 4 and 5). As in Rana the bone is perforated 
by a small foramen for the transmission of the ramus palatinus VII. In the 
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postchoanal region the vomer is applied to the ventral side of the poorly 
developed palatine, to which it is synostotically fused to form a vomero-palatine 
(Fig. 6), a condition incorrectly interpreted by Parker (op. cit). 

Upon the disappearance of the palatine the vomer develops teeth, and 
extends backward to the posterior limit of the blind posterior part of the 
cavum principale. A vomero-palatine is also present in Phrynomerus (de Villiers, 
1930) and in Liopelma (Wagner, 1934a). 
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FIGURE 6 


Transverse section through the region of the vomero-palatine. 

for. orb. nas, foramen orbito nasale; m. Cc. marrow cavity; 0. @. C, OS en ceinture; 
pl. ant. orb., planum antorbitale; vo. pD., vomero-palatine. 

Other abbreviations as in previous figures. 


THE SPHENETHMOID REGION 


The sphenethmoid (Parker) or os en ceinture (Cuvier) is the only cartilage 
bone in this region and first appears in section as a perichondral ossificafion 
of the septum nasi in the region of the posterior limits of the choanae. A 
little further back perichondral ossification also appears on the internal lateral 
part of the olfactory capsule. Proceeding backwards these ossifications gradually 
spread to the tectum and solum nasi, thus forming a bony recess for the posterior 
portion of the cavum principale. 'The orbitonasal foramen opens into this 
recess, but the laterally directed ridge on the dorsal side of the foramen remains 
cartilaginous as in Rana grayi (du Toit, 1983) and Crinia (du Toit, op. cit). 
The planum antorbitale is not incorporated into the os en ceinture as in Rana 
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FIGURE "7 


Graphical reconstruction of the left side of the skull of Alytes obstetricans. X 12.5. 


Dorsal view. 
fronto., frontoparietal; occ. pr. O0SS., oeeipito-prootie ossification; pter., pterygoid; dAmx, 
guadratomasxillary; S. orb. €, supraorbital cartilage; sda., SAOUAMOSUM; tec. syn., tectum 


synoticum; tect. nas. tectum nasi; t. t. tra., taenia tecti transversalis. 
Other abbreviations as in previous figures. 
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FIGURE 8 

Graphical reconstruction of the left side of the skull of Alytes obstetricans. `X 125. 
Dorsa] view. Dermal bones removed. 


an. t, annulus tympanicus; er. par., erista parotica; f. m., foramen magnum; £. pla. ant. 
foramen planum antorbitale; occ. con,, occipital condyle; n. art. pd. pars articularis 
palato auadrati; p. ext. pl, pars externa plectri: p. m. pl, pars media plectri; proc. 
Dt. processus pterygoideus. j j 

Other abbreviations as in previous figures. 
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and many other Anurans. ln the region of the #frontal fenestra the bone is 
typically U-shaped, and traversed with a large number of marrow cavities. 

In Alytes the pars plana of the planum antorbitale is perforated by a 
foramen, transmitting the arteria lateralis narium as well as the ramus lateralis 
narium, which latter branches of from the ophthalmic nerve in the orbitum 
(Figs. 7 and 8). In Bombina and in Salamandra Gaupp (1888) describes similar 
deviations from the usual condition, in which the ophthalmic nerve passes 
through the foramen orbitonasale into the nasal capsule before dividing into 
its two branches. 


THE ORBITAL, OTIC AND OCCIPITAL REGIONS 


The greater part of the side wall of the cavum ecranii in the orbital 
region is composed of connective tissue, and in it is situated the large optic 
foramen for the transmission of the second cranial nerve. 'The small trochlear 
foramen is situated in the cartilage antero-dorsal to the optic foramen. 'The 
trochlear nerve also pierces the fronto-parietal, which extends far downward 
in this region. 'The part of the side wall between the foramen opticum and 
the foramen prooticum is completely cartilaginous. 

The floor of the cranial cavity remains cartilaginous throughout its entire 
length, and the only dorsal elements of the cartilaginous primordial ceranium 
are the tectum synoticum and the taenia tecti transversalis, the latter separating 
the frontal and parietal fontanelles as in Heleophryne regis (du Toit, op. cit.), 
Pelobates and Acris gryllus (Stadtmtiller, op. cit). 'The taenia tecti medialis 
is absent. 

The cup-shaped cartilaginous sclera, protecting the eyeball, is perforated 
by a foramen for the transmission of the optic nerve. 

A peculiarity in Alytes is the presence of three independent supraorbital 
cartilages, situated dorsally to the anterior part of the eyeball. 'They articulate 
with each other, and the median one also articulates with the dorso-lateral 
edge of the fronto-parietal (Fig. 6). 'They were first described and figured by 
Parker (1881) for Aiytes and Phyllomedusa bicolor, in the latter genus, however, 
they are much smaller. From their development, as investigated by Stadtmiiller 
(1931), it is evident that they arise independently from the Test of the 
chondrocranium. 'The author further suggests that they should be homologised 
With the supraorbital ridges present in many lower vertebrates; Parker as well 
as Stadtmiiller, however, describes only one large supraorbital cartilage on either 
side. 

The two fronto-parietals are strip-like bones investing the dorso-lateral 
parts of the side walls. 'They are widely separated by connective tissue covering 
the large fontanelles. 'The brain is thus for its greater part encapsuled by 
connective tissue, as in Liopelma (Wagner,:op. cit.) and to a less extent also 
in Ascaphus (de Villiers, op. cit). Anteriorly the fronto-parietals rest on the 
os en ceinture, but their broader posterior ends investing the tectum synoticum 
are, however, closely approximated to each other, being separated only by a 
narrow strip of connective tissue (Fig. 6). 

- The large foramen prooticum transmitting the branches of the V, VI and 
VII nerves as well as the III nerve, is bordered dorsally by the ossified prootic. 
The arteria carotis cerebralis which usually enters the skull through the foramen 
for the III cranial nerve has its own foramen in the cartilage adjoining the 
lateral margin of the parasphenoid. In Rana the branches of the V and VII 
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nerves all emerge from a single ganglion prooticum commune formed by the 
fusion of the trigeminal and facial ganglia. In Alytes, however, the ganglion 
Gasseri lies in front of and median to the gangslion geniculatum and apparently 
the two ganglia are only partly fused into a ganglion prooticum commune. 
A further point of interest is the separation of the roots of the facial and 
trigeminal nerves by means of a perichondrally ossified cartilaginous bridge 
which, according to de Beers (1937) description of the development of the 
chondrocranium of Alytes obstetricans, must represent a prefacial commissure. 
On page 211 de Beer (op. cit) writes: 'The result is that the facial nerve 
on leaving the cranial cavity enters a canal running forwards and bounded 
medially by the prefacial commissure, laterally by the median wall of the 
anterior part of the capsule and ventrally by the anterior hbasicapsular 
commissure.” A prefacial commissure also occurs in Ascaphus (de Villiers, op. 
cit), Liopelma (Wagner, op. cit), Discoglossus (Pusey, 1948) and Bombina 
(Stadtmiiller, 1936, and Slabbert, in press). 'The root of the V nerve runs in 
the cranial cavity medially to the perichondrally ossified inner wall of the 
otiec capsule on its way to the ganglion Gasseri.. 'The root of the VII nerve has 
an intracranial connection with the ganglion acusticum anterius, whence it 
passes through the foramen acusticum anterius but never enters the true cavity 
of the auditory capsule. It then enters the facial canal and finally pierces 
the floor of the otic capsule on its way to the ganglion geniculatum. 

In the otico-occipital region it is not possible to distinguish between 
exoceipital and prootic, as the whole of this region is perichondrally, and 
partially also enchondrally ossified. 'The only portions remaining cartilaginous 
are the well-developed ledge on the ventral side of the fossa fenestrae ovalis. 
The septum between the brain and the labyrinth cavities is perforated by three 
foramina acustica as in Liopelma, Ascaphus, Bombina (Slabbert, in press), 
Discoglossus and Pelobates (Stadtmiilier, op. cit). Miyiwaki (1927) discusses 
the presence of the foramen acusticum medium in several Japanese frogs and 
states that the condition arises as the result of the division of the foramen 
acusticum anterius or of the foramen acusticum posterius. In Alytes, as also 
in Ehombophryne (de Villiers, 1934b), the posterior and median foramina are 
separated by a thin perichondrally ossified cartilaginous bridse, so that the 
median foramen has apparently arisen from a division of the posterior one. 

The ductus perilymphaticus communicates with the spatium meningeale 
by means of the foramen perilymphaticum superius, which is more anteriorly 
situated than in Rana. Similar conditions are described for Anhydrophrymne 
(de Villiers, 1931c), CTinia (du Toit, 19384) and Liopelma (Wagener, 1934b) and 
should probably be interpreted as neotenic. 'The posterior part of the foramen 
perilymphaticum inferius through which the saccus perilymphaticus enters the 
auditory capsule to reach the recessus partis basilaris, opens into the normally 
situated foramen jugulare. 

The parasphenoid is typically dagger-shaped. Its anterior part is well- 
developed and prolonged between the posterior ends of the vomers. Its 
postero-median part reaches further backward than its laterally directed wings 
which invest the optic capsules ventrally. 


THE SOUND CONDUCTING APPARATUS 


The middle ear and sound conducting apparatus of Alytes obstetricans 
do not deviate from the broadly Ranid type. The annulus tympanicus forms 
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a complete funnel-shaped ring, whose ventral half is better developed than 
the dorsal part which does not fuse with the cartilaginous crista parotica. 
Posteriorly it is separated from the latter by means of connective tissue, while 
anteriorly the separation is effected by the sguamosal. 

The pars externa plectri lies embedded in the centre of the tympanic 
membrane and is attached to the crista parotica by mêans of a well-developed 
pars ascendens partis externae plectri exactly as in Rana. 'The pars media 
plectri is strongly ossified perichondrally, and a large portion of it is even 
entirely osseous with central marrow cavity (Fig. 9b and c). 'The postero-ventral 
part of the pars media acduires synchondrotiec continuity with the ventro-lateral 
cartilaginous Tidee of the fossa fenestrae ovalis. The pars interna plectri 
is rather poorly developed and is syndesmotically attached to the dorsal border 
of the fenestra ovalis. 

The large operculum is saucer shaped, and its anterior part is dorsally, 
immediately posterior to the region of the above-mentioned connection between 
the plectrum and the otic capsule, in synchondrotiec continuity with the postero- 
dorsal ossified border of the fenestra ovalis. Tts ventral rim is overlapped by 
the lower cartilaginous edge of the fossa fenestrae ovalis. 'The postfenestral 
portion of the operculum bears a conspicuous dorsal ridge for the attachment 
of the musculus opercularis, a diferentiation of the musculus levator scapulae 
superior. 
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THE UPPER JAW AND SUSPENSORIAL REGION 


The mutual relations of the membrane bones and associated cartilages and 
the mode of attachment of the pars duadrata palatoaguadrati to the neuroceranium 
are best understood by reference to the series of illustrations given in Fig. 9a, 
Pl and. €. 

The pars duadrate acduires the usual two connections with the 
neuroceranium: the one through the otic process, fused with the crista parotica, 
and the other through the “basal process.” As in the majority of the Anurans, 
the palatine nerve in Aliytes leaves the skull in front of and medially to the 
“basal process,” so that the latter should be regarded as a pseudobasal process 
(de Beer, 1926 and Pusey, 1938). 'This pseudobasal process articulates with a 
ventro-laterally directed ledge of the otic capsule. 'There is a small synovial 
cavity but the chief connection is effected by means of connective tissue. A 
similar ledge is also described for Ascaphus (de Villiers, op. cit.. 

The sguamosal is a comparatively small triradiate bone. Its anteriorly 
projecting zygomatic process is first encountered in section at the level of the 
closure of the optic foramen and lies external to the masticatory. muscles. 
Upon reaching the transitional cartilage (ie. the transitional region between 
the processus oticus and the crista parotida), it is lodged in a g@roove on the 
median side of the sduamosal. OT the two posterior arms the ventrally directed 
one, investing the lateral side of the pars articularis, is well-defined, but the 
posteriorly directed process, investing the latero-dorsal side of the crista parotica 
is poorly developed. 

"The pterygoid is a well-developed membrane bone, encasing the processus 
pterygoideus on its dorsal, median and ventral sides. As it approaches the 
suspensorial region, it also invests the lower anterior horn of the pseudobasal 
process so that this part of the pterygoid is remarkably long. 


- 
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In the articular region the duadratomasxillary invades the pars articularis,. 


thus simulating perichondral ossification of the latter. The lateral portion of 
the pars articularis underlying the guadratomaxillary is strongly calcified: not 
ossified as in the majority of the Anurans. 


tn. 


r.acus.ant. 


FIGURE 9A and B. 
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FIGURE 9A, B and E. 


Consecutive transverse sections through he suspensorial region. 

a. vl 1 0. ce, anterior part of ventro-lateral ledge of otic capsule; br, brain; E. &, 
Eustachian tube; f. acus. ant., foramen acusticum anterior; f. g., facial ganglion; f. n. 
facial nerve; for. end. endolymphatic foramen; m. e., middle ear; D. asc. p. ext. pl, 
processus ascendens partis externae plectri; p. ot., otic process; p. dd. pars duadrata 
palato duadrati; pr. bas, basal process; prsph., parasphenoid; Tr. acus. ant, ramus 
acusticus anterior; Tr. hy. ramus hyomandibularis; trig. n., trigeminal nerve; u. a. h. pr. b. 
upper anterior horn of basal process; v. c. 1, vena capitis lateralis;, vl. 1. 0. c., ventro- 
lateral ledge of otic capsule. 

Other abbreviations as in previous figures. 


THE LOWER JAW 


The Anura are remarkable for the great reduction of the membrane bones 
of the lower jaw, the gonial and the dentary being the only ones represented. 
These two bones are well-developed and edentulous, the dentary being 
synostotically fused to the mentomandibular, which is the perichondrally 
ossified part of the infrarostral portion of Meckels cartilage. 'The cartilage 
enclosed by the cylindrical mentomandibular is calcified, but not enchondrally 
ossified as in Rana and some other genera. 'The mental symphysis consists 
` of hyaline 'cartilage. 

Upon the disappearance of the mentomandibulars from section, their 
lateral epiphyses persist and are continued backwards, parallel to Meckels 
cartilages. 'Topographically similar processes, but of larger dimensions, are 
characteristic of all the Microhylidae. In Alytes, however, they are comparable 
in size with those of Phrynomerus (de Villiers, 1930) and Arthroleptides (du 
Toit, 1938). A small piece of cartilage, completely isolated, occurs on the ventral 
side of the right mentomandibular. A similar cartilage is described by du Toit 
in his paper on the skull of Arthroleptides. Tt probably represents a vestige 
of the paramandibularia, arising during ontogeny (Peeters, op. cit) as two 
isolated cartilaginous struts one on each infrarostral. He further suggests that 
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they should be. homologised with the posteriorly situated paramandibularia 
present in some Dipnoi. Van Seters (1922), however, homologises them with 
the anteriorly situated cartilaginous struts of the Dipnoi and conseduently calls 
them admandibularia. 

Intensive calcification of Meckel's cartilage occurs in the articular region. 


THE HYOID APPARATUS 


The hyoid apparatus of Alytes obstetricans was described and figured by 
Henle (1839), W. K. Parker (1881). Ridewood (1898) described its anatomy as 
well as its ontogeny. 

Owing to the fairly deep hyoglossal sinus the corpus is much smaller than 
in Rana, its median length being one-third its width. 

The alary processes, not separated from the corpus by a neck as in Rana, 
are broad blade-like structures which, together with the short postero-lateral 
processes, occupy the whole lateral edge of the hyoid. 

The manubria are without anterior processes, so that they merge into the 
cornua principalia, which are somewhat ilattened cartilage rods articulating 
posteriorly with the otic capsule as in some other Anura. 'The relation of the 
hyale to the otic capsule varies within the same jamily and even within the 
same genus and is apparently not of systematic or phylogenetic importance. 

The thyreoid processes (Fig. 10) are extensively.ossified, each possessing a 
large central marrow cavity; their posterior boot-shaped tips, however, remain 
cartilaginous. 

A dermal bone, the parahyoid (Fig. 10), first described by Ridewood (op. eit.), 
is attached to the ventral surface of the corpus. According to him it is a 
V-shaped superficial bone, related to the hyoglossus muscle in the same way 
as the H-shaped splint-bone of Pelodytes. Contrary to Ridewood's and Fuchs 
(1929) statement, that the bone is V-shaped, I find that it has two very short 
posterior prolongations (Fig. 10) as in Pelobates fuscus (Fuchs, op. cit). An 
Oos parahyoideum is also present in Liopelma (Trewavas, 1938), in Discoglossus 
(Fuchs, op. cit), in which it is paired, and in some specimens of Bombina 
variegata (Fuchs, op. cit.). 


THE CARTILAGINOUS LARYNX 


The relatively large arytaenoids are more or less triangular in shape and 
are situated between the postero-medial processes of the hyoid. 'Their inner 
surfaces are concave corresponding to the convex contour of the outer surfaces. 
Both the prominentiae apicales and the cartilago apicalis are absent. 'The 
dorsal pulvinaria vocalia are absent, but the ventral ones are well-developed 
although Biume (1931) denies the existence of these structures in Alytes. 

The cricoid forms a complete ring of which the caudal, dorsal portion bears 
the oesophageal process, represented by a loop of cartilage, open anteriorly, 
as described by 'Trewavas (19383). 'The processis articularis posterior and 
anterior are present and are syndesmotically connected with the arytaenoid; 
the processus muscularis, however, is absent. 'The tracheal processes of the 
cricoid expand distally and split into median and lateral pulmonal processes 
which end in digitiform branches. In contradiction to Henles statement 
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(guoted from Blume, op. cit), that in Alytes the hyoid is synchondrotically 
connected to the cricoid, the connection is of the nature of a very loose 
syndesmosis, as also described by Blume, and is not effected by means of a 
hyoericoid ligament as in other Anura. 


Proc.post—— ki 


Cart ep 


FIGURE 10 


Graphical reconstruction of the hyoid apparatus of 4Alytes obstetricans. X 83. 
Ventral view. 


cart. ep., cartilaginous epiphysis; hy., cornu hyale; man., manubrium; parahy., parahyoid; 
pr. as. hy, processus ascendens of hyale; proc. post. processus postero-lateralis; proc. 
thyr., processus thyroideus. 


A diminutive cartilago basalis is present only in the right vocal chord 
of the male, although Blume found a nodule of cartilage in each vocal chord. 
My investigation bears out Blume's observation that these cartilages are absent 
from the vocal chords of the female. 
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SUMMARY 


1. Anteriorly each nasal sac has its own cartilaginous inner wall; a median 
vertical groove, probably corresponding to the Urodelan cavum internasale, is 
thus present. 

2. 'The inferior prenasal cartilage is bent downwards at an angle exceeding 
90”. 

3. 'The plica oblidua is suspended from the cartilago oblidua and not 
from the tectum. 

4. 'The crista intermedia arises from the septum nasi, anteriorly to the 
fenestra nasobasalis. 

5. 'The lamina inferior is anteriorly fused with the solum. 

6. 'The eminentia olfactoria is fairly thick and supported by a slight 
upgrowth of the solum. 

7. Only the first Gauppian “Wulst” is present. 

8. The ramus lateralis narium has a separate foramen situated in the pars 
plana of the planum antorbitale. 

9. 'The planum antorbitale has a stout anteriorly directed process. 

10. The recessus sacciformis is absent. 

11. 'The naso-lacrimal duct opens into a cavity formed by the fusion of 
the ventral infundibular recess and the lateral part of the cavum medium. 

12. The cavum principale has a well-defined recessus ventro-medianus into 
which opens a well-developed glandula oralis interna. 

138. 'The anterior part of the “Rachendriise” consists of a median and a 
lateral group of tubules. 

14. The glandula nasalis lateralis is situated medially to the planum 
terminale. 

15. The bursa angularis oris is large. 

16. The premasillary, the maxillary and the vomer are dentigerous. 

17. 'The frontal process of the maxillary does not reach the nasal. 

18. The vomer is fused to the palatine to form a vomero-palatine. 

19. The os en ceinture is U-shaped. 

20. The trochlear foramen is situated antero-dorsally to the optie 
foramen. 

21. 'The taenia tecti transversalis is present, but there is no taenia tecti 
medialis. 

22. 'Three independent supra-orbital cartilages, situated Ps ts to 
the eye-ball, are present. 

23. 'The #fronto-parietals are widely separated by means of connective 


24. 'The arteria carotis cerebralis has its own foramen. 

25. 'The prootic and exoccipital are fused with each other. 

26. 'The trigeminal and facial nerves pass through separate foramina. The 
ganglion geniculatum and the ganglion '(Gasseri are partly ?fused into 3a 
ganglion pro-oticum commune. 

21. A foramen acusticum medium is present. 

98. 'The annulus tympanicus is funnel-shaped. 

99. 'The processus pseudobasalis articulates with a ventro-laterally directed 
ledge of the otic capsule. 

30. Each mentomandibular has a short backwardly directed lateral 
epiphysis. 
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31. An isolated piece of cartilage on the ventral side of the right 
mentomandibular, is present. 

382. An os parahyoideum is developed. 

33. 'The ventral pulvinaria vocalia only are present. 

34. 'The connection between the hyoid and the cricoid is a very loose 
syndesmosis and is not effected by means of a hyocricoid ligament. 
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Contributions to the Cranial Morphology of 
the European Anuran 


BOMBINA VARIEGATA (Linné) 


By 
(G. KISIENBBER EF B sé 


With 11 Text-figures. 


INTRODUCTION 


In 1858*) Ginther created the families Discoglossidae, Alytidae and 
Bombinatoridae for the reception of the genera Discoglossus, Alytes and 
Bombinator respectively, but Cope (1865)*) included all three genera in the 
Discoglossidae. Mivart (1869)*) adopted Ginther's classification, whereas Lataste 
(1875)*) included all three in the “Raniformes.” Subseguently all authors such 
as Boulenger (1882), Gadow (1901)%), Nieden (1923) and Noble (1931), have 
retained Cope's original classification. 

The genus Bombina was first mentioned in biological literature in 1746%*) 
by von Linné who described it in general terms as “Rana abdominae fulvo.” 
In 1758*) he described the species under consideration as Rana variegata 
according to the rules of the binomial nomenclature. In subseguent years it 
was variously referred to species of Rana and Bufo until Oken in 1816) 
recognised it as a separate genus to which he assigned the name BOombina. 
In 1838*) Fitzinger introduced the generic name Bombinator, a term retained 
until 1931, when Noble, by correctly applying the priority principle, described 
this species as Bombina variegata. 

For information regarding the external features, the reader is referred 
to the works of Boulenger (1896) and Nieden (1923). Gtte's classical work: “Die 
Entwickelungsgeschichte der Unke” (1875), could unfortunately not be consulted 


*) Not seen in the original. 
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as it is unobtainable in South Africa, but valuable craniological details of 
Bombinator (Bombina) are furnished by Parker (1881). 

Several authors have dealt with various aspects of the skull, but a complete 
investigation of the adult cranial morphology has not yet been undertaken. 


MATERIAL AND 'TECENIGUE 


The specimens used for this investigation were obtained from Germany in 
1929 and were preserved in formalin. The skulls of two specimens were macerated 
and studied macroscopically. Another male specimen measuring 39 mm. from 
vent to tip of snout, was prepared in the usual way for microtomy. After 
decalcification in HNO, -alcohol and bulk-staining in borax carmine, the head was 
embedded. 'The sections, cut at a thickness of 16u, were subseduently counter- 
stained on the slides in Arzan solution. 

In some places disturbance of the nasal epithelial tissue rendered a detailed 
observation impossible, but on the whole the results were satisfactory. 

Graphical reconstructions were done by the projection of drawings obtained 
by means of the Panphot microscope onto graph paper ruled in millimetres. 


THE CARTILAGINOUS NASAL CAPSULE 


Both the superior and inferior prenasal cartilages are present. Of these 
the superior is in complete synchondrosis with the alary of its side. Bending 
downwards and inwards, it is capped anteriorly by the premasxillary and in this 
region is syndesmotically attached to its accompanying inferior prenasal cartilage. 
The latter arises from the solum lateral to the fenestra nasobasalis (Fig. 2) 
and passes forwards between the intermaxillary gland and the more dorsally 
situated medial nasal gland. In the anterior region where it assists the superior 
prenasal cartilage in supporting the premaxillary, it curves downwards at an 
angle exceeding 90“ so that its tip points backwards. 'The well-developed alary 
is connected to the anterior part of the crista intermedia by means of a slender 
cartilaginous stalk (Fig. 3). ITts posterior extremity is lodged underneath a 
portion of the septomasxillary and in this region also projects into the vestibulum. 
The tectum nasi is restricted to an anterior portion giving skeletal support to 
the anterior part of the cavum principale, a narrow strip adjoining the septum 
and a posterior part attached to the planum antorbitale (Fig. 1). 'The anterior 
part merges into the cartilago obligua, which passes outwards and backwards 
and fuses with the lateral edge of the lamina inferior. 'The inconspicuous 
planum terminale bears a small foramen near its posterior border. As in 
Pelobates, the planum terminale is attached to the dorso-lateral border of 
the tectum during ontogeny (Born, 1876; Gaupp, 1906), so that a fenestra dorsalis 
is present. In Bombina the anteriorly-directed process of the dorso-lateral edge 
of the tectum (Fig. 1) is probably a vestige of the connection which obtains 
during ontogeny. 

At first glance it would appear that the crista intermedia is fused to the 
solum. Born (op. cit.), in discussing the topography of the intermaxsillary and 
medial nasal glands of Bombinator igneus (Bombina bombina), described the 
anterior part of the septum as “von vorn und unten her tief eingebuchtet,” 
as a result of which the medial nasal gland lies extracapsular and ventral to the 
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ant.proc. 
Pproc.m.ant. 
f.pla.ant. 


OE, 


procp: 


tLmar 


OECPross. tec.syn. OCE.CON. 


 EIGURE 1 


Graphical reconstruction of the skull of Bombina variegata. X approx. 83. Dorsal 
view. Dermal bones removed from the left side. 

ant. proc., anteriorly-directed process; c. al, cartilago alaris; c. obl.,, cartilago obligua; 
Cc. para., cartilago paraarticularis; c. p. inf, cartilago praenasalis inferior; Cc. D. SUD., 
cartilago praenasalis superior; cr. par. crista parotica; f. er. int, foramen in crista 
intermedia; fen. nas, fenestra `nasobasalis; fen. par, fenestra parietalis; fronto., 
frontoparietal; max, maxillary; nas, nasal; occ. con., occipital condyle; occ. pr. OSs., 
occipito-prootic ossification; 0. e. c., os en ceinture; oper. operculum; pla. ant, planum 
antorbitale; pla. ter, planum terminale: p. dua., pars duadrata palatoduadrati; prem,, 
premaxillary; proc. m. ant. processus maxillaris anterior; proc. ot. processus oticus; 
proc. pt. processus pterygoideus; p. sep. 1. sup., part of septomaxillary applied to lamina 
Superior; pter, pterygoid; dauad. m., duadratomaxillary; sep, septomaxillary; Ssaua,., 
sguamosal; tec. syn., tectum synoticum; t. t. mar. taenia tecti marginalis; t. t. med, 
taenia tecti medialis; t. t. tra. taenia tecti transversalis. 


septum. According to Miller (1932), the same conditions obtain in Bombina 
variegata. From a close examination of the development of the ethmoidal 
region (Stadtmiiller, 1936), and from my own investigation, the important fact, 
however, emerges that neoteny has brought about a complete change in the 
configuration of the nasal structures in this species. According to Stadtmiller 
(op. cit.) that part of the solam which is bounded anteriorly by the free ventral 
edge of the anterior wall, medially by the ventral border of the septum and 
posteriorly by the anterior tip of the horn of the trabecula, arises late in ontogeny 
and takes its origin in connective tissue. In this way the solum is completed 
except for the fenestra nasobasalis through which the ramus medialis narium of 
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the trigeminal nerve leaves the capsule. In Bombina this part of the floor of 
the nasal capsule fails to chondrify, leaving the crista intermedia ventrally 
exposed. 'The remaining parts of the solum are fused to the crista intermedia 
(Fig. 2). Although not mentioned in the text, it would appear from the drawings 
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FIGURE 2 


Graphical reconstruction of the anterior part of the skull. X 12.5. Ventral view. Dermal 
bones removed from right side. 


er. sub. crista subnasalis; dent. vom., dentigerous part of vomer; f. s. eri, zone of 


fusion between solum and crista intermedia; 1. inf, lamina inferior; vom., vomer. 
Other abbreviations as in previous figure. 


that similar conditions obtain in Ascaphus (de Villiers, 1934b) and Liopelma 
(Wagener, 1934b). Further backwards, in the region where the inferior prenasal 
arises from the solum, this fusion is incomplete and a large foramen occurs 
lateral to the fenestra nasobasalis. 'Through this, tubules of the medial nasal 
gland penetrate into the capsule (Figs. 5 to 9). 

According to Gaupp the crista intermedia arises dorsal to the fenestra 
nasobasalis from the anterior portion of the tectum nasi adjoining the septum and 
then passes obliduely outwards and divides into its two laminae. Of these the 
lamina superior is continued posteriorly and laterally, whereas the lamina inferior 
fuses with the lateral wall of the nasal capsule and with the planum terminale 
of the cartilago oblidua. ln Bombina the well-developed crista intermedia is 
medially attached to the ventral border of the septum and in the anterior 
region appears in section as a horizontal cartilage blade to whose lateral border 
the alary, the lamina inferior and the medial border of the solum are attached 
(Fig. 3). Further backwards the lateral part of the crista is pierced by a 
foramen (Figs. 1 and 9) in which the tubules of the glandula oralis interna 
and of the medial nasal gland lie closely applied to one another. In the 
region where the solum loses its connection with the crista, the foramen closes, 
so that the latter once more appears as a laterally-directed cartilage blade 


71 


merging into the lamina superior. 'The latter cartilage is not as well defined 
and easily distinguishable as in Rana. Its anterior part which is fused to 
the lamina inferior is exceptionally small, being restricted to the medial wall 
of the cavum medium. 'Tts identity is established by the fact that the septo- 
maxillary, which alone affords protection to the roof of the cavum medium, is 
applied to it (Figs. 4 and 5). In this region the above-mentioned foramen 
separates it from the crista for some distance. 


f.sub.med. 


1 mm. 
FIGURE 38 


Transverse section through the olfactory capsule in the region of the external nasal 
aperture. 

Cc. med., cCavum medium; cr. int, crista intermedia; c. p. Cavum principale; e. d. gl, 
efferent duct of medial nasal gland; ex. n. ap., external nasal aperture; f. sub. med., fossa 
subrostralis media; gl. int., glandula intermaxillaris; el. n. m., glandula nasalis medialis; 
m. lap. s, musculus labislis superior; rec. med. recessus medialis; T. ex. N. ramus 
externus narium; Tr. med. n. ramus medialis narium; sept, septum; sol, solum; t., 
tooth; vest., vestibulum. 

Other abbreviations as in previous figures. 


The lamina inferior is in continuity with the anterior as well as with the 
well-developed lateral wall of the olfactory capsule. lTts dorsally flexed edge 
which in other species serves as the lateral support for the anterior part of 
the nasolacrimal duct, is absent. 'The main ventral support of the cavum 
medium is effected by the lateral portion of the lamina inferior. At the level 
of the posterior exztremity of the alary, the latter loses its connection with 
the crista intermedia and passes backwards and outwards to be continued 
finally as a blunt processus lingularis supporting the plica isthmi (Fig. 9). 

Tn contrast to the tectum, the solum is broad and has a greater lateral 
extension underneath the nasal sacs than has the tectum dorsally. 
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Apart from the ventrally-situated, inconspicuous fenestra nasobasalis (Fig. 2) d 
through which the ramus medialis narium of the ophthalmic branch of the 
trigeminal nerve leaves the capsule, there occurs in this region another larger 
foramen which serves for the transmission of the efferent duct of the glandula 
nasalis medialis, on its way to the recessus medialis of the Cavum inferius. 
From the posterior border of this foramen the inferior prenasal cartilage takes 
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Transverse section through the region of the external nasal aperture. 


b. olf. ind., boundary between olfactory and indifferent epithelium; inf, infundibulum; 
1. w. olf. c., lateral wall of the olfactory capsule; pl. ter. plica terminalis. 
Other abbreviations as in previous figures. 


its origin. Upon its separation from the ramus medialis, the ramus externus 
narium is enclosed in the septal cartilage (Figs. 3 to 7) and finally leaves the 
nasal capsule by means of the foramen frontale. Tt is interesting to note that 


the latter occupies a marked anterior position whereas the fenestra nasobasalis 
is small and ventrally situated. 


THE NASAL CAVITIES 


As a result of the attachment of the alary to the crista intermedia, the 
ovate external nasal aperture has no anterior support. 'The alary cartilage 
is closely applied to its lateral border, whereas it is medially bounded solely 
by a fold of skin extending laterally over the cartilago alaris; upon the closure 
of the nasal aperture, it forms a small vestibular recess lying external to the 
cartilage but internal to the outer arm of the septomaxillary (Fig. 6). 'The 
floor of the vestibulum in this region is thus constituted by a medio-dorsally 
directed ridge supported by the posterior extremity of the alary. In another 
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series of sections, kindly lent me by Prof. C. G. $S. de Villiers, an additional, 
smaller, connective tissue ridge is discernible on the median side of the above- 
mentioned projection, but owing to dissociation of tissues in my own sections 
in this region, its existence could not be ascertained. 'Topographically these two 
vestibular structures correspond to the Gauppian '“Wuilste.” 'The larger of these 
or the so-called “Wandwulst” would thus be exceptional in its being supported 
by the alary and by the occurrence of a recess on its lateral side. 

The recessus sacciformis is absent as in Ascaphus (de Villiers, op. cit.) 
and Liopelma (Wagner, op. cit), and in the majority of Anuwra hitherto 
investigated. 
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FIGURE 5 


Transverse section through the region of the foramen in the crista intermedia. 

gl. or. int, glandula oralis interna; pl. obl, plica obligua: Tec. ven, recessus 
ventromedianus cavi principalis. 

Other abbreviations as in previous figures. 


The plica obligua is well-developed and is suspended from the cartilago 
obligua (Fig. 5) and not from the tectum as in AScaphus (de Villiers, op. cit.) 
and Liopelma (Wagner, op. cit.). Its anterior part is a cushion-shaped epithelial 
fold, but posteriorly it is supported by an extension of the lateral arm of the 
septomasxillary (Fig. 7). In this way the plica is rendered immobile in this 
region and cannot, therefore, be pressed against the “Wandwulst” during 
respiratory movements in order to shut of the posterior recess of the infundi- 
bulum from the cavum principale. 1f, however, the mobile anterior portion 
of the plica is apposed to the “Wandwulst” and the latter pressed against the 
posterior part of the plica, the effect would be very much the same. 

At the level of the external nasal aperture, the vestibulum leads directly 
into the cavum principale, and into the infundibulum which terminates in front 
in a small recessus alaris. 'The infundibulum is particularly well-developed 
and possesses in its posterior part a lateral diverticulum encased by the 
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FIGURE 6 


Transverse section through the region of the foramen in the crista intermedia and the 


vestibular Tecess. K 
1. sup., lamina superior; nas. nasal; ves. rec., vestibular recess. 
Other abbreviations as in previous figures. 
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FIGURE "7 


Transverse section through the region of communication between the infundibulum and 


cavum medium. 


div. rec. lat., diverticulum of the recessus lateralis; op. gl. n. lat., opening of the glandula 
nasalis lateralis into the cavum principale; p. sep. pl. obl., part, of septomaxillary 


extending into the plica obligua. 
Other abbreviations as in previous figures. 
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septomaxillary (Fig. 8). Behind the communication of the infundibulum with 
the cavum medium, the posterior immobile end of the plica obligua fuses 
With the floor of the latter, thus separating its lateral part as well as the 
diverticulum of the infundibulum from their medial portions. 'The cavity thus 
created, receives the nasal end of the ductus nasolacrimalis. Similar conditions 
have been described for Ascaphus (de Villiers, op. cit) and Rhombophryme 
(de Villiers, 1934a). 

The plica terminalis (Figs. 4 to 9) arises from the lateral wall of the cavum 
principale and extends backwards as a low ridge indicating the boundary 
between the respiratory epithelium of the infundibulum and the high olfactory 
epithelium of the main cavity. A similar epithelial fold or plica running 
opposite to the plica terminalis, marks the boundary dorsally. 


c.obl. 
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FIGURE 8 


Transverse section through the region of the diverticulum of the infundibulum. 

Cc. inf, cavum inferius; div. inf, diverticulum of the infundibulum; d. nas, ductus 
nasolacrimalis; e. d. int., efferent duct of the intermaxillary gland; gl. n. lat., glandula 
nasalis lateralis; 1. infil. lymphoid infiltration; p. ni. sep, posterior niche-like cavity of 
septomaxillary; Tec.` lat, recessus lateralis; r. op. pl. ter, ridge running opposite to 
plica terminalis. 

Other abbreviations as in previous figures. 


In the floor of the anterior part of the cavum principale and median to 
the plica terminalis, a small ventromedian recess occurs (Fig. 5). 'This recess, 
first figured by du Toit (1930 and 1933) and described as recessus ventromedianus 
cavi principalis, is separated medially from the rest of the olfactory epithelium 
by a strip of indifferent cells pierced by the short duct of the associated 
glandula oralis interna. 

As already mentioned, the anterior median portion of the solum is absent 
in Bombina. 'This peculiar feature of the olfactory capsule is correlated with 
a remarkable change in the general configuration of the nasal structures which 
deviate considerably from the usual type. At first glance the recessus medialis 
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(“Jacopsom's organ”) would appear to be absent, but on a closer examination 
of the epithelial tissue of the nasal cavities it becomes clear that the recessus 
medialis of the cavum inferius is an extraordinary well-developed structure, 
but that it occupies a distinct lateral and anterior position, whereas the recessus 
lateralis is reduced in size. 'The recessus medialis has the same high olfactory 
epithelium as the cavum principale and is easily distinguishable from the other 
cavities which are lined with low cubical epithelial cells. Anteriorly the recess 
ends blindly against the front wall of the olfactory capsule, but posteriorly 
it is in open communication with the other nasal cavities. At the level of the 
communication with the cavum medium, the duct of the medial nasal gland 
opens medially into the cavity (Fig. 7) and posterior to this region the olfactory 
epithelium of the recess @radually passes over into the typical indiferent 
epithelium of the cavum inferius. In the region where the solum loses its 
connection with the lateral wall, the recessus lateralis gives of a laterally 
situated anterior diveriiculum appearing crescent-shaped in section (Fig. 8). 
Finally, on the appearance of the choana, the recessus lateralis is continued 
in the sulcus maxillo-palatinus. 'Two lymphoid infiltrations occur in this region 
of the nasal cavities, one situated in the floor of the recessus lateralis (Fig. 8) 
and another in its roof in the region where it merges into the roof of the 
recessus medialis. ` 

The eminentia olfactoria is weakly developed. 

The plica isthmi is supported by the processus lingularis and the isthmus 
is short and narrow (Fig. 9). 


FIGURE 9 


Transverse section through the region of the fenestra nasobasalis. 

for. f. nas. foramen situated lateral to the fenestra nasobasalis; ist, isthmus; pl. jst., 
plica isthmi. 

Other abbreviations as in previous figures. 
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GLANDS OF THE OLFACTORY REGION 


The glandula intermaxillaris is well-developed and is the most prominent 
of both oropharyngeal and nasal glands. It occupies the greater part of the 
pre- and subnasal spaces which it shares with the glandula nasalis medialis. 
The partes maxillares (Miller, 1932) form the main posterior extensions of the 
gland and its tubules occupy the space between the solum and the premaxillary 
up to a level with the processus lingularis on each side. 'lTsolated tubules of 
the median part reach to the vicinity of the choanae. Communication with 
the buccal cavity is established by means of a set of fine ductlets (Millers 
third type) opening into the anterior part of the roof of the buccal Ccavity 
(Figs. 8 and 9). 

The glandulae nasales mediales lie almost entirely extracapsular and are 
closely applied to the olfactory capsule. Anteriorly the glands are separated 
from each other by the tubules of the glandula intermasillaris but posteriorly 
these disappear, the tubules of the two glands becoming contiguous underneath 
the septum. For its entire length the gland lies dorsal to the cartilago prenasalis 
inferior, and in the region of its attachment to the solum, some tubules extend 
through the accompanying foramen and become closely applied to the epithelium 
of the recessus medialis and of the cavum principale. 'The conspicuous efferent 
ducts converge towards the median line and then run parallel to the cristae 
intermediae to open into the medial portion of each recessus medialis. 

The glandula nasalis lateralis lies ventral to the nasal bone and to the 
planum terminale of the cartilago obligua. ln its most anterior part it 
Ccommunicates With the cavum principale by means of a single duct which 
opens medial to the plica oblidua at the boundary between the olfactory and 
indiferent epithelium (Fig. 7). 

The “Rachendriise” is well-developed and Y-shaped. The anterior lateral 
arm appears in section together with the processus maxillaris anterior and its 
efferent ducts open at intervals into the choana, whereas those of the medial 
portion open directly into the buccal cavity. Behind the choana the medial 
and lateral arms unite and the unpaired portion is continued along the palatal 
surface into the orbital region where it is separated from the Harderian gland 
by connective tissue. 

The glandula oralis interna which consists of a few tubules only, is situated 
dorsal to the foramen through which the glandula nasalis medialis communicates 
with the recessus medialis and is associated with the recessus ventromedianus 
cavi principalis (Fig. 5). 


MEMBRANE BONES OF 'THE NASAL REGION 


Owing to the incompleteness of the tectum nas, the nasals which are 
well-developed membrane bones restricted to the dorso-lateral aspects of the 
olfactory capsule, serve as the dorsal support for the underlying dorsal wall 
of the cavum principale and for the posterior portion of the 1ateral nasal gland 
on each side. lLaterally, each bone touches the hind border of the planum 
terminale and stretches backwards to become syndesmotically attached to the 
anterior tip of the pterygoid bone (Fig. 1). In the median line the two bones 
lie closely applied to each other, being interconnected by connective tissue over 
the septum. 
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Except for the absence of the palatal sguames the dentigerous. premasxillaries 
have the usual shape and relations to neighbouring structures. 

Owing to the absence of a processus frontalis of the masillary, there is 
no connection between the latter and the nasal. 

Parker (1881) mentions the absence of the septomaxillary in Bombinator 
igneus (Bombina bombina). In Bombina variegata, however, it is a well- 
developed membrane bone of a somewhat complicated structure. Anteriorly 
it makes its appearance in the sections as a horizontal blade which, in 
functionally replacing the lamina superior, serves as a roof to the blind anterior 
extension of the cavum medium (Fig. 5), but further backwards the bone 
assumes a triradiate shape. 'The vertical prong arising from the horizontal 
plate stretches dorsally over the posterior tip of the alary and curves round 
completely to be continued in the plica obligua. ln the region where the 
infundibulum communicates with the cavum medium, the medial portion of 
the horizontal blade is severed from the rest and continued backwards as a 
dorsoventrally-flattened longitudinal projection lying closely applied to the 
lateral border of the lamina superior. 'The lateral portion curves round and 
comes to lie ventral to the floor of the cavum medium. Upon the fusion of 
the plica obligua to the lafter, the bone appears as a complete ring (Fig. 8) 
and encases the diverticulum of the infundibulum in its posterior niche-like 
cavity. Anterior to the latter the ductus nasolacrimalis communicates with the 
infundibulum and cavum medium through an oval foramen in the lateral side 
of the bone. Where the septomasxillary abuts against the lamina superior and 
cartilago obligua, the separating connective tissue is absent in some places 
(Figs. 6 and 7). 

The vomers (Fig. 2) are hnormally developed. Anteriorly each of these 
membrane bones appears as a horizontal blade lying closely applied to the 
cartilage supporting the eminentia olfactoria, but on the appearance of the 
choana it divides into two parts, the lateral of which is continued laterally 
as the posterior support of the internal naris. 'The broader median part is 


dentigerous and extends backwards beneath the solum to the vicinity of the 
Oos en ceinture. 


The palatine is absent. 


THE OS EN CEINTURE 


Perhaps the most interesting feature of the sphenethmoid region is that 
the os en ceinture does not extend far into the antorbital and orbital regions 
(Fig. 1). In section the first signs of the bone appear at the level of the posterior 
borders of the nasals as perichondral ossifications on each side of the septum. 
These ossifications gradually extend into the solum and tectum until, in the 
region of the foramina olfactoria, all traces of cartilage have disappeared, so 
that the hindmost portions of the cava principalia are encased in bone. In 
the region where the anterior limits of the frontal fenestra are encountered, 
the bone becomes U-shaped and extends for a short way into the orbital region 
to the level of the anterior tip of the parasphenoid, but never becomes girdle- 
shaped as in Ranid genera. 'The orbitonasal foramen is completely surrounded 
by peri- and enchondral bone and the foramen olfactorium is large. 

The statement of Gaupp (1888) that in Bombinator (Bombina) igmeus as 
in Salamandra, the ramus lateralis narium, instead of branching from the 
ramus opthalmicus nervi trigemini in the ethmoidal region as it does in Ranid 
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genera, arises from the nerve prior to its passage through the orbitonasal 
foramen to be transmitted through its own foramen in the planum antorpitale, 
can be corroborated for Bombina variegata. Upon its separation from the 
arteria orbitonasalis, the arteria lateralis narium also passes through this 
foramen in the planum antorbitale (Fig. 1). Similar conditions have been 
described for Alytes (Maree, in press). 


THE BURSA ANGULARIS ORIS 


Tn a paper of Fuchs (1931) in which is dealt with the ductus angularis oris 
of some Chelonians, he mentions a possible homologous structure in a few 
Anurans, including Bombina variegata, and called it the bursa angularis oris. 
De Villiers (1931) described a similar structure as “Mundwinkeldriise,” but 
according to du Toit (1934) Fuchs appellation should have preference. In 
Bombina the gland occupies the usual position between the maxillary and the 
pterygoid process and consists of a mass of loosely packed lymphoid tissue. 
The small central lumen which is lined with the stratified epithelium of the 
upper lip, communicates with the lateral part of the buccal cavity in front 
of the fusion of the upper and lower lips. 'The epithelium and connective 
tissue around the communication zone are studded with numerous lip glands, 
and where the adenoid tissue of the gland disappears posteriorly, are 
concentrated around the angle of the buccal cavity. 


THE ORBITAL, OTIC AND OCCIPITAL REGIONS 


Behind the posterior limits of the os en ceinture, the floor of the cranial 
cavity is complete and cartilaginous throughout, in the occipital region bridging 
the gap between the exoccipitals as a narrow intervening strip and extending 
laterally into the mainly cartilaginous exoccipital condyles (Fig. 1). 'The cranial 
roof is more incomplete: the taeniae tecti marginales are narrow and confiined 
to the dorsal borders of the cranial cavity. From these lateral taeniae, 
inconspicuous taeniae tecti transversales arise on either side and meet in the 
median line, thus enclosing a large dorsal fenestra frontalis bounded anteriorly 
by the os en ceinture and roofed over by dense connective tissue. 'The taenia 
tecti medialis is represented by a blunt posteriorly-directed projection arising 
from the point of confiuence of the transverse taeniae and the resulting single, 
large fenestra parietalis is bounded on all sides by cartilage, posteriorly by the 
short tectum synoticum (Fig. 1). 

A well-developed cartilaginous sclera is present. 

The planum basale and the floor in the orbital region are invested on their 
ventral surfaces by a broad typically dagger-shaped parasphenoid of which 
the wings support the otic capsules, and whose body stretches from the 
interoccipital cartilage to a level with the posterior ventral limits of the os 
en ceinture. 

The frontoparietals are fairly large membrane bones whose narrow, pointed 
anterior portions are confined to the marginal taeniae and separated by the 
wide expanse of connective tissue closing the frontal fenestra. Over the 
parietal fenestra and tectum synoticum the bones are broader and approach 
each other in the median line, where they are syndesmotically interconnected. 
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The side-walls of the cranial cavity between the os en ceinture and the 
temporal region are mainly membranous on account of the presence of two 
large fenestrae separated from each other only by a thin cartilage arcade. 
Immediately under the lateral border of the frontoparietal the fourth cranial 
nerve pierces the cartilage dorsal to the first of these fenestrae. In the latter 
the foramen opticum is situated. Where the first signs of the prootic ossification 
are encountered, the foramen prooticum and the second of the two fenestrae 
appear simultaneously in section and are separated by a bridge of cartilage, 
ossified posteriorly as the posterior border of the foramen prooticum. In this 
region the connective tissue in the postero-dorsal corner of the fenestra is 
pierced by the third cranial nerve, and by the arteria carotis cerepralis on its 
way to the brain. The prootic foramen which is bounded by cartilage anteriorly 
and postero-dorsally by the prootic, serves for the transmission of the internal 
jugular vein and the fifth and sixth cranial nerves. In Bombtna, as in Ascaphus 
(de Villiers, op. cit) and Liopelma (Wagner, op. cit), the fifth, sixth and 
seventh cranial nerves do not leave the otiec capsule through the same foramen, 
the foramen prooticum commune, as they do in other Anura. In these genera 
the trigeminal and facial ganglia form separate entities and the foramen for the 
nervus facialis is encountered more posteriorly in the ventral aspect of the 
prootic, features in which Bombina also agrees with the Gymnophiona and 
Urodela. Jt is interesting to note that in Ascaphus the prootic fenestra is 
divided into two foramina, the dorsal of which serves for the transmission of 
the trigeminal nerve, whereas through the ventral one pass the internal jugular 
vein and a ramus communicans stretching between the palatine branch of 
the facial and the ganglion gasseri. Pusey (1938) is of opinion that the bridge 
effecting the division of the prootic foramen, is represented by the processus 
ascendens palatodguadrati. i 

As in the Liopelmidae, the facial nerve communicates with the acustic 
nerve so that a nervus acustico-facialis is present. From the ganglion acusticum 
posterius which lies closely applied to the ganglion acusticum anterius, the 
ramus  acusticus medius arises and passes through the foramen acusticum 
medium dorsal to the smaller foramen acusticum anterius and foramen 
acusticum posterius. 'Through the latter two foramina, the ramus acusticus 
anterior and the ramus acusticus posterior, both of which arise from the 
ganglion acusticum anterius, are admitted into the labyrinth cavity. From the 
ganglion acusticum anterius, also the facial nerve arises; it pierces the prootic 
and communicates with the extramurally situated ganglion geniculatum. Similar 
anatomical relations of the nervus acustico-facialis obtains in Ascaphus and 
Liopelma, except that in the latter genus, the facial ganglion is bridged to 
the ramus acusticus anterior instead of to the ganglion acusticum anterior. 


The foramen endolymphaticum is widely separated from the foramina 
acustica, the latter being situated ventral to it but at the same vertical level 
in the medial wall. The ductus perilymphaticus communicates with the spatium 
interdurale through the perilymphatic foramina, both of which open into the 
cranial cavity a good distance anterior to the foramen jugulare. 'The latter 
is situated in the floor of a well-defined fossa condyloidea, and serves for 
the transmission of the saceus perilymphaticus and the ninth and tenth cranial 
nerves, the combined ganglion of which lies external to the exoccipital. 
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In the otico-occipital region the peri- and enchondral exoccipital and 
prootie ossifications are fused to form an extensive cartilage bone stretching 
from the anterior limits of the prootic foramen to the exoccipital condyle. Even 
the medial walls of the auditory capsules are mainly osseous, so that all the 
foramina are surrounded by bony tissue. Owing to this extensive occipito- 
prootie ossification the cartilago prootico-occipitalis is very much reduced, being 
confined to the lateral aspect of the otic capsule. It forms the antero-ventral 
border of the foramen ovale and from this niveau is continued into the crista 
parotica and ventrally into a ventral ledge of the otic capsule. 


THE SOUND CONDUCTING APPARATUS 


For a general description the reader is referred to the works of Litzelmann 
“ (19238) and Stadtmiller (1931bp). 

The only element of the sound conducting apparatus represented in BODE 
is the operculum, a completely cartilaginous and well-developed structure. 'The 
middle ear, tympanic membrane, BEustachian tubes and plectral apparatus are 
absent. 'The disc-shaped operculum is continuous with the osseous dorsal rim 
of the fenestra ovalis and syndesmotically connected to the anterior and ventral 
borders of the fenestra. 'There is no fossa fenestrae ovalis and the fenestra 
ovalis itself, appears as an extraordinary large and ovoid foramen in the postero- 
lateral side of the otic capsule. 

In addition to the operculum Litzelmann (19238) observed in Bombina 
variegata a rudimentary plectrum (columella) with which the processus ascendens 
of the hyale is in continuity. Jn a recent investigation, however, Stadtmiller 
(1931b) states that all plectral rudiments are absent and maintains that when 
the hyale loses its connection with the palatoguadrate, it acguires syndesmotic. 
union with the auditory capsule, but has no relation to the operculum in the 
adult, a fact borne out by my own investigation. He arrived at the conclusion 
that the structural relations of the middle ear of this genus are subject to 
individual variation. Both Liopelmids (de Villiers and Wagner, opp. citt.) also 
lack a middle ear, but it is doubtful whether this reduction of the auditory 
apparatus is of phylogenetic significance, as it is also encountered in such 
totally unrelated forms as Hemisus (de Villiers, 1931c), Cacosternum (de Villiers, 
1931a), Brachycephalus (McLachlan, 19438) and Phryniscus (Parker, 1881). 
Apsence of a middle ear in a neotenic group like the Urodela may be the result 
of arrested development, but in the Anurans referred to above, the structures 
must have been secondarily lost. 

In Hemisus (de Villiers, op. cit), Ascaphus (de Villiers, op. cit.) and Liopelma 
(Wagner, op. cit.) the musculus opercularis is a mere specialised portion of the 
musculus levator scapulae superior, but in Bombina, as in Spelaeophryne (de Vos, 
1935) and Elachistocleis (Pentz, 1943), the latter muscle is completely “oper- 
cularised.” De Villiers (1931a) expressed the opinion that the opercularisation 
of the musculus levator scapulae superior is indicative of increased terrestrial 
specialization, but if we bear in mind that the “Unke” is a markedly aauatic 
form leaving the water only for its terrestrial hibernation during the winter 
months, it is evident that we have here no support for such a statement. 

The existence of an encroachment of the scapular region onto the otico- 
occipital region as described for Hemisus (de Villiers, op. cit) and Ascaphus 
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(de Villiers, op. cit), and aseribed also to Bombina by Wagner (1934b), can be 
corroborated for the Discoglossid genus. 


THE PALATOOUADRATE AND SUSPENSORIAL REGION 


The planum antorbitale is well-developed and possesses in its anterior border 
an anteriorly-directed process which may be regarded as a vestige of the above- 
mentioned connection of the planum terminale with the tectum in developmental 
stages. In front of the region where the masxillary loses its triradiate shape, 
it invests the ventrally-fiexed lateral aspect of the planum triangulare. From 
this niveau it diminishes in size and where the bursa ansularis oris is encountered, 
is separated from the processus ptergoideus and acouires syndesmotic union 
with the guadratomaxillary. Dorsally the planum antorbitale is invested by 
the anterior tip of the pterygoid. The latter membrane bone is continued on 
the dorso-median side of the pterysoid process of the palatodguadrate into the 
suspensorial region where it lies closely applied to the processus pseudobasalis 
and medial border of the pars articularis palatoaguadrafti. 

The well-developed crista parotica is laterally directed. Posterior to the 
region where the otic process loses its connection with the latter, a laterally- 
directed and cartilage-tipped ventral ledge of the otic capsule is encountered. 
A similar cartilaginous ledge is present in Ascaphus and Liopelma. 'The ramus 
hyomandibularis arises from the extramural ganglion geniculatum and passes 
in front of the ledge and outwards through the narrow cranio-guadrate passage 
to anastomose with the glossopharyngeal nerve, whereas the ramus palatinus 
passes downwards from the ganglion to the buccal roof. 'The palatobasal 
articulation is therefore dorsal, but posterior to the latter nerve, so that a 
` pseudobasal process (de Beer, 1937, and Pusey, 19388) is present. $ 

The pars duadrata of the palatoduadrate is strongly calcified but not 
ossified. In the attachment-region of the duadratomasillary, however, all 
intervening connective tissue has disappeared, the bone thus simulating 
perichondral ossification of the cartilage. 'This condition does not, however, 
represent an invasion of the pars auadrata, the auadratomaxsillary being merely 
applied to the latter and retaining more of its individuality than in other 
frogs. De Villiers (1931a) describes similar conditions in cacosternum and 
considers the relation of the duadratomaxillary to the auadrate cartilage and 
the histological condition of the latter, as instances of partial neoteny. In the 
Liopelmids, both of which lack a dguadratomaxillary, a genuine os guadratum 
is present. 

The sguamosal bears the usual relations to the pars auadrata and suspensorial 
region, but the dorsal prong which usually invests the crista parotica, is absent. 

Parker (1881), in describing Bombinator igneus (BOmbina bombina), states 
that “the articular portion of the Meckel's cartilage has a large endosteal nucleus”, 
but this does not hold for Bombina variegata. 'The cartilago paraarticularis 
(Stadtmtller, 1931a) is an oval, somewhat cylindrical structure (Fig. 1), attached 
by connective tissue to the pars articularis palatoguadrati: its anterior and 
ventral portions consist of hyaline cartilage. In a paper in which he deals with 
this cartilage as well as with Schmalhausem's theory, Stadtmiller (1931, op. eit) 
arrived at the following conclusion: “Die Cartilago parpaarticularis kann meines 
BErachtens aufgefaszt werden als ein in Ligamentum suspensorio-hyoideum dicht 
neben dem Palatoguadrat und .dicht 'iber dem G@uadratomandibulargelenk 
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selbstindig entstehendes Knorpelchen, welches dem Blastem des Hyalbogens 
entstammt, dem Processus palatoguadrati mancher Urodelen entspricht und also 
vielleicht ein Hyomandibularrest reprisentiert.” According to Stadtmiller the 
cartilago paraaticularis is a vestige of the pars extérna plectri of the plectrum as 
lt exists in other Anura, in other words, of that part of the hyoid arch comparabie 
With the hyomandibular of the fishes. 'This fact furnishes additional evidence 


in favour of the generally-accepted theory of Schmalhausen regarding the 
phylogeny of the ear ossicles. 


THE LOWER JAW 


In its elementary composition the lower jaw shows little deviation from the 
general Anuran type. In the symphysial region the Meckelian cartilages are 
joined by hyaline cartilage and not by procartilage as in Ascaphus (de Villiers, 
op. cit.) and Liopelma (Wagner, op. eit.). Lateral to the symphysis the anterior 
part of Meckel's cartilage is incompletely ossified as the mentomandibular showing 
the usual type of incipient enchondral ossification entailing the formation of 
large marrow cavities. 'The perichondrally ossified portion is confiuent with the 
dentary, a comparatively large bone exztending far backwards on the median 
side of Meckel's cartilage. 'The lateral surface of the latter is invested by the 
gonial which reaches forwards to the level of the processus maxillaris anterior 
of the upper jaw. 'The Meckelian cartilage itself is slender and flattened; in 
the suspensorial region, however, it enlarges to form the roundish unossified 
pars articularis. 'The well-developed processus coronoideus- of the gonial (anno- 
tated as the articulare in Parker's drawings) serves for the attachment of the 
m. temporalis. 


THE HYOID APPARATUS 


The skeleton of the hyoid apparatus of Bombina is known from the 
descriptions of Dugés (1835) (guoted from 'Trewavas, 19383) and others. 'The most 
recent description is one by Fuchs (19387) in which he deals more particularly 
with the os parahyoideum. 

Owing to the deep sinus musculi hyoglossi, the corpus hyoideum is rather 
small, its length being one fourth of the width between the outer margins of 
the alaries (Fig. 10). The narrow manubrium merges into the broad dorso- 
ventrally fiattened hyale. Posteriorly the latter assumes a cylindrical shape 
and its ascending process becomes syndesmotically connected to the otic capsule 
but has no relations to the operculum, as maintained by Litzelmann (1923). 
A processus anterior is absent. The alary processes are well-developed, the right 
one overlapping the hyale dorsally but the left extending underneath this 
structure. A branch of the glossopharyngeal nerve passes through a small 
foramen situated in the angle formed by the anterior border of the alary and its 
medially-directed process. On the left hand side the foramen is absent, the 
nerve merely passing through the incisure. 

"The lateral portion of the proximal end of each postero-lateral process, as well 
as the portion of the corpus adjoining it, is both perichondrally and enchondrally 
ossified (Fig. 10). 'This peculiar feature of the hyoid apparatus has hitherto 
been recorded for Bombina only. According to Fuchs (1929 and 19387) the 
dimensions of these cartilage bones are variable, being larger in the adult than 
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in juvenile specimens. It still remains to be proved that these bones are constant 
features of all the species of Bombina, of all the members of the same species 
and of both sexes. In the light of all the available evidence, however, Fuchs 
suggests that these bones are present in all fully adult specimens. 
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hy. proc.al. 

hy.oss. 

proc.as-hy. 
proc.post. 
C.ary. 
for: pr.post. 
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cart.ep. 
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FIGURE 10 


Graphicai reconstruction of the hyoid and larynx of Bombina variegata. X 18.75. 
Ventral view. 

cart. ep., cartilaginous epiphysis;, Cc. ary., cartilago arytaenoidea; c. cric., cartilago 
Cricotrachealis; for. pr. post, foramen in processus postero-lateralis; hy. cornu hyale; 
hy. oss., hyoid ossification; man. manubrium; med. proc., medially-directed process of 
the processus alaris; proc. al, processus alaris; proc. ar. ven, processus articularis 
ventralis; proc. as. hy., processus ascendens of hyale; pr. post., processus postero-lateralis; 


proc. pul, processus pulmonalis; proc. thyr., processus thyroideus; s. m. hyo, sinus 
musculi hyoslossi. 


The processus postero-lateralis is well-developed and possesses in its distally 
broadened extremity a large foramen filled by connective tissue. With the 
exception of a terminal cartilaginous epiphysis, each thyreoid process is completely 
ossified. 


An os parahyoideum (Fuchs, 1929 and 19387) is absent. 
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Cart.ep. 
Cart.cric. 


F1iGURE 11 


Graphical reconstruction of the hyoid and larynx of Bombina variegata. X 18.75. 
Lateral view. 

Garli. errie, cartilago Cricotrachoealis; proc. asc., processus ascendens of hyale. 

Other abbreviations as in previous figure. 


THE CARTILAGINOUS LARYNX 


In regard to the structure of the larynx, my own investigations closely bear 
out the results arrived at by Blume (1930 and 1932), to whose papers the reader 
is referred for further details. Suffice it to enumerate the salient features of 
the anatomy of the larynx: 'The arytaenoid cartilages are comparatively small 
and distinctly crescentic in shape, their dorsal and ventral borders slightly 
overlapping each other (Fig. 10). 'The cartilago basalis and the pulvinaria vocalia 
are absent. 'The cartilago cricotrachealis is extremely well-developed and consists 
of a dorsal and ventral cartilaginous shield. 'These two are laterally joined by 
narrow cartilaginous bands (Blume, 1980) and not by a continuation of the 
constrictor laryngis as maintained by Trewavas (1983) and Wilder (1896) (auoted 
from 'Trewavas). Posteriorly the ventral shield bears on each side a small 
processus trachealis and then terminates in the broadened procêssus pulmonales, 
the left of which bears a small foramen near its median border (indicated on 
both sides in Fig. 10). 'The cartilago ericotrachealis is syndesmotically connected 
to the cartilagines arytaenoideae. In the case of the ventral shield this union 
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is effected by two anteriorly-directed processes, the processus articulares ventrales, 
whereas the dorsal shield has only one process, the processus articularis dorsalis. 
According to Blume (1932) the arytaenoid of Bombina igneus (B. bombina) is 
provided with similar processus but in Bombina machypus (B. variegata) the 
processus articularis dorsalis is stated to be absent. 'The connection with each 
thyreoid process is established by means of the ligamentum hyocricoideum. 
Tn the median line of the dorsal shield is a foramen filled by connective tissue. 

According to Blume (1930) the larynx of Bombina shows more similarity to 
that of the Urodela than does that of any other Anuran. 


SUMMARY 


1. "The inferior prenasal cartilage arises from the solum lateral to the 
fenestra nasobasalis and is inclined at an angle exceeding 90”. 

92. 'The tectum nasi is narrow and the solum broad. 

3. 'The anteriorly-directed process of the dorso-lateral border of the tectum 
is probably a vestige of the connection with the planum terminale obtaining 
during ontogeny. 

4. 'The anterior, medial part of the solum is absent, the remaining part 
being fused to the crista intermedia on each side. 

5. A large foramen occurs lateral to the fenestra nasobasalis; the latter is 
inconspicuous and occupies a distinct ventral position. 

6. The crista intermedia bears a foramen near its lateral border. 

7. The olfactory capsule has a well-developed lateral wall. 

8. The foramina frontalia are anteriorly situated. 

9. Only the larger Gauppian '“Wulst” is present. 

10. 'The recessus sacciformis is absent and the recessus alaris is weakly 
developed. 

11. 'The plica obligua is suspended from the cartilago obligua. 

12. 'The recessus ventromedianus cavi principalis is present. 

138. 'The infundibulum possesses a diverticulum encased in a posterior niche- 
like recess of the septomazillary. 

14. The recessus medialis is extraordinarily well-developed and occupies a 
distinct latero-anterior position, whereas the recessus lateralis is reduced in size. 

15. 'The recessus lateralis possesses a lateral. diverticulum. 

16. Lymphoid infiltrations occur in the floor and roof of the recessus lateralis. 

17. The eminentia olfactoria is weakly developed. 

18. The medial nasal gland lies extracapsular. 

19. 'The “Rachendriise” and the bursa angularis oris are well-developed. 

20. 'The premasillary develops no palatal sduames. 

21. The palatine is entirely absent. 

22. 'The os en ceinture is U-shaped. 

23. 'The frontoparietals are separsated anteriorly by a wide stretch of con- 
nective tissue. 

24. 'The taenia tecti medialis does not establish connection with the tectum 
synoticum. 

25. The side walls of the cranial cavity in the orbital region are mainly 
membranous. 

26. Owing to the extensive occipito-prootic ossification the cartilago prootieo- 
occipitalis is reduced and the foramina in the medial wall of the otic capsule are 
situated in bone. 
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27. Three foramina acustica are present. 

28. 'The trigeminal and facial ganglia form separate entities and the facial 
foramen is situated posterior to the prootic foramen in the ventral aspect of 
the prootie. 

29. 'The hyomandibular branch of the facial passes through 3 Narrow cranio- 
duadrate passage. 

30. As in Ascaphus and Liopelma a “nervus acustico-facialis” is present. 

31. The ganglion geniculatum and the ganglion jugulare lie extracapsular. 

32. The pseudobasal process articulates with a pointed ventral ledge of the 
Otic capsule and the jaw suspension is autosystylic. 

33. The sound conducting apparatus is reduced, only the operculum being 
present. 'The musculus levator scapulae' superior is completely opercularised.. 

34. 'The pars guadrata palatoguadrati is intensely calcified but it is unossified. 

35. The cartilago paraarticularis is present in the articular region. 

86. The cornu hyale is not confiuent with the otiec capsule. 

37. An os parahyoideum is absent but a paired hyoid ossification is repre- 
sented. 

38. 'The cricoid cartilage is large and is connected by means of a hyoecricoid 
ligament to the thyreoid process of the hyoid. 

89. The only ossification of the Meckelian cartilage is the mentomandibular, 
which is in synostosis with the dentary. 


The cranial visceral morphology of the allied genus Alytes is being investigated 
by my co-worker, Mr. W. A. Maree. 'The significance of the results of these 
investigations and their bearing upon the taxonomic position and phylogeny of 
the Discoglossidae, will be discussed in a joint paper. - 
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The Cranial Morpholoey of the 
DISCOGLOSSIDAE and its Bearing upon the 
Phylogeny of the primitive ANURA 


By 
G.K. SLABBERT, B.Sc. and W. A. MAREE, B.Sc. 


The cranial morphology of Bombina variegata (Linné) and Alytes obstetricans 
(Laurenti) has been previously studied by the authors, and in this paper it 
is intended to enter in some detail upon a discussion of the significance of the 
results of these investigations for taxonomic position and phylogeny. 

The bulk of the anuran comparative cranial morphology and development 
was done towards the close of the nineteenth century, but, the foundation of the 
present-day salientian classification was already laid in 1882 by the appearance 
of Boulenger's classical “Catalogue of the Batrachia Salientia”. This classification 
however, was but a modification of that proposed by Cope in 1865 and was based 
upon macroscopical observation. It was exclusively generally felt that Boulenger's 
groupings were not very expressive of genetic relationships, but even in our time 
the classification in common use, is largely artificial. Nevertheless, since 1882, 
perpetologists have continued to add to our information, and several constructive 
changes have been made in the original system. In recent times the work of 
the late Dr. Noble of New York and that of Prof. Stadtmiller of GOêttingen 
has considerably broadened our conception of the phylogenetic relationships of 
the Amphibia as a group and comparative cranial morphology, based upon the 
study of microtimised adults, started a true revival especially by the incentive 
given by Dr. de Villiers of Stellenbosch. 

The history of the taxonomy of the Discoglossidae has been considered by 
the authors in previous papers (Slabbert, 1945; Maree, 1945). Cope's original 
classification was retained by all subseguent authors until Noble in 1924 came 
to regard Ascaphus and Liopelma as the most primitive Anura: more primitive 
both osteologically and myologically, than the other genera of Discoglossids and 
conseguently erected the family Liopelmidae for the inclusion of these primitive 
amphicoelous batrachians. In 1934 a microscopical study of the heads of Ascaphus 
and Liopelma was done by de Villiers and Wagner respectively. A complete study 
of the cranial morphology of the genus Discoglossus has not yet been undertaken, 
but for comparative purposes a series of sections of adult Ascaphus, Liopelma 
and Discoglossus were available. 
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The following cranial features appear to be most significant for comparative 
purposes: 


(a) A feature of the nasal region deserving special attention appears to be 


(b 


Dad? 


the dorso-ventral fiattening of the capsule in the Liopelmids and in 
Bombina and the extra-capsular situation of the medial nasal gland in 
the latter. Born (1876) described the anterior part of the septum of 
Bombina Dbombina as “von vorn und unten her tief eingebuchtet,” as 
result of which the glandula nasalis medialis lies extra-capsular and 
ventral to the septum, whereas de Villiers (1934) ascribes the same 
dorso-ventral flattening in Ascaphus to an adaptation to the habit of 
freduenting cracks and crevices in rocks. Stadtmiller (1936), in discuss- 


ing the ethmoidal region of the Amphibia, states that that part of the' 


solum bounded anteriorly by the free ventral edge of the anterior wall 
of the olfactory capsule, medialiy by the ventral border of the septum 
paraseptal ridge) and posteriorly by the trabecular horns, chondrifies 
late in ontogeny and takes its origin in connective tissue. In the absence 
of complete ontogenetical data, a final statement on this matter would be 
premature, but it seems reasonable to assume that in BOombina, as in 
Ascaphus and in Liopelma (present authors), this part of the solum 
apparently fails to chondrify, the median borders of the remaining parts 
of the solum becoming fused to the crista intermedia so that the latter 
is left exposed ventrally. 'This condition appears to be a neotenic 
feature and if the interpretation proves to be correct, the unusual extra- 
Capsular situation of the medial nasal gland in Bombina would be 
accounted for. 'The position of the gland dorsal to the floor of the nasal 
capsule in the Liopelmids is not an unusual one, as its situation in relation 
to the crista intermedia is not constant. With regard to this feature 
of the nasal region, Alytes and Discoglossus are in close agreement with 
the more advanced Ranid condition and therefore present a higher 
degree of specialisation. 

In a work in progress, Dr. C. A. du Toit writes: “From a careful perusal 
of the works of others and from a detailed examination of several 
series of sections, the important fact emerges that there is never any 
unoccupied space in this (lateral) region of the nasal capsule, the 
cartilage being closely moulded over the nasal cavities. Tt follows that 
the nasal capsule will show changes correlative with the growth of the 
nasal cavities, and more particularly with that of the recessus lateralis.” 
This statement is substantiated by conditions obtaining in Ascaphus, 
Liopelma and Bombina in which the configuration of the lateral part 
of the capsule is closely correlated to the extreme lateral position of 
the cavum inferius. In the majority of adult Anura the recessus 
medialis lies ventral to the cavum principale and is a medially-directed 
structure, but in Bombina the recessus is extraordinarily well-developed 
and occupies, as apparently also in Ascaphus and Liopelma (present 
authors), a distinct lateral and anterior position. 'The condition 
obtaining in Pipa (Matthes, 1934) agrees with that in these frogs and 
indicates that. the recessus medialis of anurans may also occupy a 
position lateral to the cavum principale and near to the lateral wall 
of the olfactory capsule, as in most Urodeles. Viewed in the light of 
phylogeny, the conditions obtaining in these genera appears to be 
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indicative of primitiveness but until the ontogeny of the nasal organ 
of the Liopelmidae and of Bombina is fully known, the possibility of 
a hneotenic feature should not be disregarded. In its essential features, 
the nasal capsule of Alytes and of Discoglossus (present authors), the 
remaining palaearctic Discoglossid genera, conforms to the general 
Ranid condition and does not, therefore, merit special attention in this 
conneEetion. 


In Ascaphus (present authors) and in Liopelma (Wagner, 1934) the 
cartilago oblidua and conseduently also the fenestra dorso-lateralis are 
not differentiated; this is presumably an indication of primitiveness. 
The anteriorly-directed process of the dorso-lateral edge of the planum 
antorbitale in Bombma, Alytes and Discoglossus (present authors), is 
probably a vestige of its connection with the planum terminale obtaining 
in developmental stages (Born, 1876; Gaupp, 1906). This feature. is 
also encountered in the more specialised anurans Breviceps and 
Probreviceps (de Villiers, 1933), Spelaeophryne (de Vos, 19385), Callulina 
(Roux, in press) and Brachycephalus (McLachlan, 1943), genera which, 
may be regarded as primitive with respect to this particular feature. 


The emancipation of the seventh from the eighth cranial nerve, is a 
phenomen clearly illustrated in vertebrate phylogeny and it is correlated 
with the character of the basal articulation of the palato-auadrate with 
the neuroceranium and with the occurrence of additional foramina in 
the medial wall of the otic capsule. In the typical anuran condition 
the facial nerve, together with the fifth and sixth cranial nerves, are 
transmitted through the prootic foramen and bears no relations to the 
acustic nerve. ln most Urodeles, where a nervus acustico-facialis is 
encountered, the facial nerve, however, has its own foramen, the latter 
being separated from the trigeminal foramen by the prefacial commissure 
as in Selachians. 'Tdentical conditions obtain in the Liopelmidae and 
the Discoglossidae. Of all these genera, Ascaphus (de Villiers, op. cit.) 
shows the closest resemblance to the Urodela and to the Gymnophiona 
and is undoubtedly the most primitive. 'The root of the facial nerve 
arises from the ramus acusticus anterior and passes through the 
labyrinth cavity, a condition known also in Petromyëon and in many 
Urodeles. It enters a short facial cana] and joins the posteriorly-situated 
ganglion geniculatum enclosed in the cartilage of the auditory capsule 
medial to the ventral cartilage ledge (basitrabecular process of Ascaplus). 
Similar topographical relations obtain in Liopelma except that the root 
of the nerve arises directly from the ganglion acusticum anterius and 
does not pass through the labyrinth cavity, whereas the ganglion has 
a more anterior situation, occurring in section simultaneously with the 
ganglion gasseri. 1t is therefore evident that the ganglion geniculatum 
is in the process of approaching the ganglion gasseri. In Bombina 
(present authors) the passage of the facial through the labyrinth is 
recapitulated in ontogeny; in the adult, however, the nerve is enclosed 
in its own passage in the ventral aspect of the prootic. 'The condition 
closely resembles that of the Liopelmidae, but the ganglion geniculatum 
has been emancipated from the wall of the auditory capsule, being 
situated ventral to it and closer to the median line. Alytes and 
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Discoglossus represent a further advance towards the Ranid condition. 
In these genera the facial part of the nervus acustico-facialis, on 
arising from the ganglion. acusticum anterius, passes through a long 
obligue facial canal and is then joined to the ganglion geniculatum. 
In Alytes the latter is closely associated with the ganglion gasseri and 
is apparently partly fused to it, a condition even more pronounced in 
Discoglossus (present authors). 


(e) The homology of the processus basalis palato-auadrati has been much 


(PD 


discussed in recent years and in regard to its origin, several theories 
of which may be mentioned that of de Beer (1926 and 1937) and that 
of Kruitzer (1931) have been advanced. The problem has been 
considerably simplified by the recent research of Pusey. In his works 
of 1938 and 1948 an admirable account is given of the metamorphosis 
of the anuran mandibular arch as well as a review of the older literature 
and a discussion of former theories. For a complete understanding of 
the morphology of the jaw suspension, the reader is referred to these 
papers. It is now evident that among the Anura, Ascaphus is the only 
genus in which a complete basitrabecular process articulates with a 
true basal process as in other Amphibians, whereas Liopelma and the 
Discoglossidae, as regards the nature of the basal articulation, agree 
With other Anura in the possession of a pseudobasal (de Beer, 1926) 
articulation. 


The reduction of the sound conducting apparatus has been freguently 
remarked upon. In Ascaphus, Liopelma and Bombina the only element 
represented is the operculum, the middle ear, tympanic membrane, 
Eustachian tubes and plectrum being absent. One can, however, hardly 
evade the conclusion that the ancestral forms possessed a plectrum 
and associated middle ear and presumably also an operculum. ln any 
case, it is doubtful whether the reduction of the auditory apparatus 
is of any phylogenetic significance, as it is also encountered in such 
totally unrelated forms as Hemisus (de Villiers, 1931a), Brachycephalus 
(McLachlan, op. cit.), Cacosternum (de Villiers, 1931b) and Phryniscus 
(Parker, 1881). 'The absence of a middle ear in a neoteny-tainted group 
like the Urodela, may be explained by assuming that they arose from 
a group of Amphibia whose ontogeny was arrested at that stage in 
which the plectrum and the operculum had developed, but the middle 
ear had not yet been established. The condition in the Anura referred 
to above is rather to be regarded as an instance of parallel evolution, 
the structuzes having been secondarily lost. In the purely comparative 
anatomical sense of the term Bombina, in this respect, stands in close 
relationship to the Liopelmidae and we agree with de Villiers (1934) 
that “Ascaphus and Liopelma cannot be considered primitive with regard 
to the auditory apparatus: if they are to retain the taxonomic position 
assigned to them by Noble, they do so in spite of the anatomy of the 
auditory region.” Discoglossus (present authors) and Aiytes, and 
apparently also Barbourula (Taylor and Noble, 1924), agree with Rana 
in possessing a complete sound conducting apparatus with the only 
exception that in the former the processus ascendens partis externae 
plectri is absent. 
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(8) The occurrence of a foramen acusticum medium in the partition between 
the brain cavity and the labyrinth cavity is particularly interesting and 
was discussed for Japanese frogs by Miyiwaki (1927) who also reviewed 
the older literature. Suffice it to mention that if the conclusion arrived 
at by van Seters (1922) that the Urodela possess three metotic somites 
in the otie region whereas the Anura have only two, the occurrence of 
three acustic foramina in the Liopelmidae and in the Discoglossidae would 
add to their Urodelan-like characters. 


In summarising his conclusions regarding the taxonomy and phylogeny of 
the Amphibia, Noble (1922) states that the agreement of myological and 
osteological data makes it appear that the classification he proposed is 
a natural one. According to him the modifications of the vertebral column form 
a basis of the division of the Salientia into four primary groups or suborders, 
the Opisthocoela, Anomocoela, Procoela and Diplasiocoela, from the first of which 
he, in 1924, removed the Liopelmidae as a separate group, the Amphicoela. These 
Suborders may then further be divided into families on the basis of the most 
stable osteological characters. Noble also mentions the important fact that the 
nature and relationship of the thigh musculature of the families of the Salientia, 
especially the arrangement of the distal tendons of the sartorius, semitendinosus 
and gracilis major and minor, agrees entirely with the proposed classification. 
The most primitive type of thigh musculature is found in Ascaphus and in 
Bombina (and apparently also in Liopelma), forms which may in this respect be 
considered sufficiently generalised to form a prototype or pattern from which 
all the more advanced types of thigh musculature might have arisen. On a 
re-examination of serial sections of the heads of the genera of the Liopelmidae 
and Discoglossidae, we arrive at the following conclusions: We agree with Noble 
that Ascaphus and Liopelma are the most primitive members of the Discoglossidae 
as originally constituted and that they are worthy of the taxonomic position 
assigned to them in a separate family, even if cranial anatomy alone is to be 
relied upon. 1t is important to note that Bombina in almost every detail of its 
eranial anatomy exhibits a striking similarity to the Liopelmidae. On behalf of 
its vertebral structure, Bombina may really be considered a Discoglossid; however, 
if eranial anatomy should be the only criterion for the determination of taxonomic 
position, this frog should. be grouped with the Liopelmidae rather than with 
Alytes and Discoglossus. Of the remaining genera of the Opisthocoela, Alytes 
and Discoglossus, in most of the features of their cephalic anatomy approach or 
conform to conditions obtaining in a typical Ranid frog. As contrasted with 
Bombina there can be no doubt that they are the more highly evolved 
Discoglossids. 

The phylogeny and degree of specialisation of the Liopelmidae and 
Discoglossidae may diagrammatically be expressed as follows: 
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DIÉ SAADKNOP EN EMBRIOLOGIE VAN LEUCADENDRON 
(with Summary in English). 


DEUR 
P. G. JORDAAN. 


In 1905 het Schwarzbart die bou van die volwasse sade van Leucadendrom 
argenteum beskrywe. Behalwe hierdie werk van Schwarzbart is nog niks 
gepubliseer oor die  embriologie en die anatomie van die saadknop van 
Leucadendron nie. 


Die bou en ontwikkeling van die saadknop met sy ingeslote strukture van 
vier Leucadendron-soorte word hier behandel, tw. Leucadendron lanigerum, 
Buek, L. adscendens, RBr., L. plumosum, RBr., en L. argenteum, R.Br. 


OMSKRYWING VAN ENKELE TERME. 


Basaalweefsel:—Dit is `n weefsel by of in die basis van die nucellus wat 
sitologies en (of) histologies te onderskei is van die aangrensende weefsels. 
Topweefsel:—'n Weefsel om die mikropielkanaal wat sitologies en (of) histologies 
van die aangrensende weefsels verskil. Kernmeristeem.—'n Teelwyk (meristeem) 
in die nucellus (saadknopkern). Sekondêre mucellus is mnucellusweefsel wat 
uit die kernmeristeem ontwikkel het. Aan die term kerntepel is die omskrywing 
van Oudemans (1895, bls. 238) geheg, nl. ,,het smalle strookje cellen, dat, 
tot de eikern (nucellus) behoorend, den kiemsak overwelft”. Dekweefsel.—n 
Weefsel wat in die middel van die kerntepel te onderskei is van die aangrensende 
weefsel(s) van die nucellus en wat die mikropilêre punt van die kiemsak bedek. 


LEUCADENDRON LANIGERUM, BUEK. 


Rondom Stellenbosch blom die meeste plante, beide manlik en vroulik, 
van Leucadendron lanigerum teen die begin van September. Die blomdek 
verwelk gou en 'n week nadat die blomme oopgegaan het, is die blomdek en 
die styl aan die verdor. Die kiem is volwasse 15 weke nadat die blomme oopgegaan 
het. Van 90 persent tot 70 persent van die vrugbeginsels vorm vrugte. Baie van 
die vrugte bevat geen normale kieme nie. 


1—DIE VOOR-ONTWIKKELING VAN DIE SAADKNOP. 


Die saadknoppe ontstaan wanneer die hofies, sonder die omwindsel, ongeveer 
3 mm. lank is. Oor die lengte van die vrugwand aan die sy van die vrughok 
vorm 'n groep plasmaryke selle 'n boog wat in die vrughok inskiet. Hierdie 
aanleg van die saadknop neem toe in grootte en groei meer aan die bokant 
(d.w.s. die kant verwyder van die blombodem) as aan die teenoorgestelde kant. 
Die gevolg van hierdie ongelyke groei is dat die knop deur 'n hoek van 90 grade 
buig en `n posisie parallel met die lang-as van die blom inneem. (EP. 1) 


Na 'n verdere toename in grootte word die binnevlies en die buitevlies 
agtereenvolgend aangelê. Met die aanleg van die binnevlies word die nucellus 


afgebaken. Die buitevlies word so styf teenaan die vrugwand aangelê dat geen 
naelstring gevorm word nie. (Vgl. fig. 2.) 


Die binnevlies is onmiddellik na sy ontstaan drie (in enkele dele vier) sellae 
dik. Die getal sellae vermeerder nie behalwe om die endostoomkanaal. Die 
endostoomkanaal is gevorm wanneer die saadknop 350 mk. lank is. 


Die buitevlies is onmiddellik na sy ontstaan twee sellae in deursnee. Die 
getal sellae vermeerder nie. Die verlenging van die buitevlies hou tred met 
dié van die binnevlies en die exostomium vorm nooit 'n deel van die mikropiel- 
kanaal nie. 


Wanneer die saadknopvliese aangelê word, is die nucellus ongeveer tien 
sellae breed. Op hierdie stadium is die eerste teken van die archesporium, 
nl. die makrospoor-moedersel, ook kenbaar. Die nucellus neem toe in volume 
deurdat al die selle, behalwe dié teen die archesporium, meristematies is en in 
alle rigtings deelvaardig is. Wanneer die endostoomkanaal gevorm word, is 
die nucellus ongeveer 16 sellae breed. Nadat die makrospoor-moedersel gevorm 
is, kan 'n dekweefsel beswaarlik in die kerntepel onderskei word. (Vgl. fig. 4.) 


2—DIE VOLWASSE SAADKNOP. 


Die volwasse saadknop (fig. 8) is ongeveer 640 mk. lank, sittend, met `'n 
duidelike raphe en met 'n lang nael wat teen die kant van die vrugwand op 
die buiknaat (vel. fig. 5) parallel met die lang-as van die saadknop geleë is. 
Die saadknop kan beskrywe word as hemitroop. Die chalaza is keëlvormig. 


Die nucellus word omsluit deur twee saadknopvliese. 'Die binnevlies sluit 
baie nou om die endostoomkanaal sodat laasgenoemde feitlik gesluit is. Die 
selle om die kanaal bevat `n rooibruin inhoud en sommige van hierdie selle 
se wande toon tekens van verkurking. Die groep selle met die gekleurde inhoud 
kan as 'n topweefsel geinterpreteer word. Die binnevlies is drie (fig. 10) tot 
vier sellae in deursnee behalwe om die endostoomkanaal waar dit vier tot ses 
sellae dik is. 


Die buitevlies is twee sellae dik (fig. 10) behalwe in die kant teenaan die 
nael en in die basis. In die volwasse saadknop is beide vliese nog meristematies 
en die spoele word reghoekig met die lang-as van die saadknop gevorm. 


In die volwasse saadknop is die nucellus 240 mk. lank. Die kerntepel is 9—S5 
sellae hoog. In die middel van die kerntepel kan 'n dekweefsel onderskei word. 
Teen die antipodale punt van die kiemsak is `n opvallende ligte groep selle. 
Hierdie selle het 'n normale vorm, maar is feitlik leeg en die selwande word nie 
deur Delafield se haematoxylin gekleur nie. Op die grens tussen die nucellus 
en die chalaza is geen basaalweefsel nie. Al die selle van die nucellus, behalwe 
dié om die kiemsak, is plasmaryk. Om die kiemsak is verskeie lae selle 
al geabsorbeer. Al die nucellusselle, behalwe dié van die dekweefsel, is 
meristematies. Om die kiemsak oorweeg perikliniese verdelings (vgl. fig. 10) 
en in die onderste helfte van die nucellus word die selwande in alle rigtings 
aangelê. 


Die vaatbundel in die raphe en in die chalaza is nog in die embrionale 
toestand. Die desmogeenbundel loop tot by die basis van die nucellus waar dit 
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tekens toon van opslitsing in ten minste twee takke wat tot in die basis van 
die binnevlies gevolg kan word. Baie van die selle in die basis van die chalaza 
het 'n rooi-gekleurde inhoud, soos ook sommige selle in die opperhuid van die 
buitevlies en in die raphe. 


3—DIE VOOR-ONTWIKKELING VAN DIE KIEMSAK. 


Die eerste teken van die vorming van die makrospore is 'n groot plasmaryke 
sel in die middel van die nucellus kort nadat die saadknopvliese aangelê is. 
Om hierdie sel is geen teken van ander gespesialiseerde selle nie. Dit kan dus 
gesê word dat die archesporium beperk is tot een sel. Die archesporium is 
tegelykertyd ook die moedersel van die makrospore. Uit hierdie moedersel 
ontstaan `n reeks van vier makrospore. (Fig. 3.) Die makrospore word gevorm 
wanneer die hofie ongeveer 48 mm. lank is en die blomme nog korter as 1.5 mm. is. 


Die chalazale makrospoor ontwikkel terwyl die drie mikropilêre makrospore 
vinnig ten gronde gaan. Hul plek word ingeneem deur 'n verlenging van die 
chalazale makrospoor in die rigting van die mikropiel. Met die verwording van 
die drie makrospore word van die .nucellusselle wat die makrospore omring, 
uitgeteer, platgedruk en geabsorbeer. 


Die kern van die chalazale makrospoor verdeel en vorm twee kerns wat 
na die teenoorgestelde punte van die makrospoor of kiemsak migreer. 'Teen 
hierdie tyd het die nie-funksionele makrospore al verdwyn. (Fig. 4.) In die 
punte van die kiemsak word uit elke kern vier gevorm. Die ag kerns word 
gevorm wanneer die blomme ongeveer 32 mm. en die kiemsak 110 mk. lank is. 
(Fig. 6.) 


Drie van die chalazale kerns word nou afgesluit deur selwande om `ʼn 
antipodale weefsel bestaande uit drie selle te vorm. Die drie selle kan in 'n 
reeks lê (fig. 11) of anders geplaas wees (fig. 7). Twee kerns, een van elke 
kwartet, beweeg na mekaar eers nadat die antipodale selle uitgedifferensieer liet. 


4—DIE VOLWASSE KIEMSAK. 


Die volwasse kiemsak (fig. 8) is 140 mk. lank en 40 mk. breed op sy wydste 
deel by die mikropilêre punt. Die kiemsak is toegespits in die rigting van die 
chalaza en eindig in 'n wigvormige antipodale sel. 


Die volwasse kiemsak bevat drie antipodale selle (fig. 7) wat `n weefsel 
in die chalazale deel van die kiemsak vorm, twee ronde polare kerns (fig. 9) 
wat ongeveer in die middel en 'n eier-apparaat wat in die mikropilêre punt 
van die kiemsak 1ê. Geen selmembrane kon in die volwasse kiemsak om die 
ronde kerns van die eier-apparaat uitgeken word nie. (Fig. 9) 


5.—DIE KIEMWIT. 


Die stuifmeelbuis groei deur die mikropiel en baan sy weg, sonder om te 
vertak, deur die dekweefsel. (Fig. 11.) 

Geen selwande word gevorm nie waneer die eerste kiemwitkerns (fig. 11) 
gevorm word. Namate die kiemwitkerng vermeerder (kyk ook fig. 12), word 
'n wandbeleg (fig. 18) van kernkiemwit gevorm. 'n Tyd na bevrugting (fig. 192) 
bestaan die antipodale selle nog. 


Na, bevrugting neem die kiemsak baie toe in grootte. Eers neem die lengte 
en breedte egalig toe. (Fig. 11 en 12) Later oorweeg die toename in lengte, 
en in die breedte ewewydig met die plat kante van die vrug en bly die kiemsak 
reghoekig met die plat kante betreklik nou. 


Are tot tien weke nadat die blomme oopgegaan het, word selkiemwit gevorm 
en tien weke na die blomme oopgegaan het, het al die kernkiemwit verdwyn 
en vul die selkiemwit die kiemsak behalwe vir dié deel wat deur die kiem 
ingeneem word en vir 'n leë holte wat in die middel van die kiemsak oorbly. 
(Fig. 14.) 


e 


Net na die selkiemwit. klaar gevorm is, bestaan die chalazale deel uit 
plasmaryke selle met groot kerns. In die res van die kiemwit is die selle klein 
en plasma-arm. Hierdie feite staaf die vermoede dat die selkiemwit eers om 
die kiem gevorm word. 


Die kiemwitselle is betreklik groot en, behalwe in die chalazale deel van 
die kiemwit, is die selle plasma-arm, elk met een klein kern. In die chalazale 
deel is die kerns groot en dikwels is daar meer as een kern in 'n sel. In die 
veelkernige selle versmelt die kerns soms. Ander kerns vorm spoele en verdeel 
mitoties. Al die waargenome mitotiese figure was bipolêr. 


Die kiem ontwikkel ten koste 'van die kiemwit en vyftien weke na die 
blomme.oopgegaan het, bly nog net een tot drie lae selkiemwitselle om die punte 
van die saadlobbe in die chalazale deel van die kiëmsak oor. (Fig. 18) Hierdie 
selle is stewig, plasmaryk en met een of meer duidelike kerns. (Fig. 19.) Hierdie 
selle is die plasmarykste selle wat gedurende die ontwikkeling van die kiemwit 
te voorskyn tree. Teen hierdie tyd het die kiem sy volwasse grootte byna bereik 
en is al gevul met reserwestowwe.. 


Die selkiemwit vorm ook. mikropielwaarts van die krémaWOriel (Fig. 14 en 15.) 
Namate die kiem ontwikkel, bly 'n dun, plasmaryke lagie kiemwit om sy sye oor. 
(Vel. fig. 14) 'In hierdie lagie kan byna altyd selle onderskei word (fig. 17), 
totdat die kiem sy volwasse grootte bereik het. Die lagie teer uit en vorm 'n 
dun vormlose vlies om die volwasse kiem. (Fig. 18 en 19) Vyftien weke na 
die blomtyd is al die kiemwit tussen die kiemblare uitgeteer en bly net 'n dun, 
vormlose vlies daarvan oor. (Vel. fig. 18) 


6—DIE KIEM. 


Die kiem ontwikkel baie stadig gedurende die eerste twee maande nadat 
die blomme oopgegaan. het. 'n Maand nadat die blomme oopgegaan het, het 
die bevrugte eier (fig. 12) nog nie verdeel nie. Aan die end van die twee maande 
is die kiem 62 mk. lank en 20 mk. breed en is baie effens toegespits in die 
rigting van die mikropiel. (Fig. 13.) Daar is geen teken van 'n kiemdraer nie. 
Die selle in die mikropilêre helfte van die kiem is groter as dié in die ander 
helfte. Op hierdie stadium is egter nog geen kiemlae gevorm nie. 


Gedurende die derde maand ontwikkel die kiem. baie vinnig en tien weke 
na die blomme oopgegaan het, is dit meer as 1 mm. en is die kiemblare al .6 mm. 
lank. (Fig. 14) Na 'n verdere vyf weke is die kiem 3 mm. lank en het dit sy 
volwasse grootte byna bereik. (Fig. 18.) Die volwasse kiem is ongeveer 4 mm. 
lank. 


Beide in die kiemblare en if die kiemwortel omsluit die  dermatogeen” 'n 
peribleem en pleroom. In die kiemblare bestaan die pleroom uit vertakte 
desmogeenbundels. In die kiemwortel loop die binnenste lae van die peribleem 
en die pleroom uit op `n inisiaalgroep (fig. 18) wat alreeds duidelik” uit te ken is 
as die kiem 1 mm. lank is. Die buitenste lae van die peribleem gaan geleidelik 
oor in die wortelmus. Die wortelmusselle vermeerder deur 'n kaliptrogeen wat 
veral uit die buitenste lae van die peribleem ontwikkel en wat mikropielwaarts 
teen die inisiaalgroep grens. Die dermatogeen dra net in 'n geringe mate by 
tot die aanwas van die wortelmus. ' 


Wanneer die pleroom gevorm word, is al die selle langwerpig en eenders. 
Tn die volwasse kiem is die pleroom gedifferensieer in `n desmogeensilinder en 
'n endisteem wat net uit enkele reekse selle bestaan en wat tot teenaan die 
inisiaalgroep onderskei kan word. Die endisteemselle is net effens wyer en 
bevat meer reserwestowwe as die selle van die desmogeensilinder: 


Hoewel al die selle van die jong kiemblare . teelvaardig is, oorweeg die 
teelaktiwiteit in die kiemblaartoppe. 


Die pluimpie is tien weke' nadat die blomme oopgegaan het (fig. 14), al uit 
te ken. . In die volwasse kiem is die pluimpie uitwendig ongediferensieer (fig. 18) 
en bestaan inwendig uit 'n .dermatogeen en protomeristesem. 


Tot ongeveer twaalf weke na die blomtyd word geen reserwestowwe in die 
kiem gebêre nie. 'Teen hierdie tyd word die selle van die peribleem van die 
kiemblare en kiemwortel gepak met groot, samegestelde eiwitkorrels. Die selle 
bêre ook vet. Geen Dipok el kan uitwendig of histologies in die kiem-as 
onderskei word nie. 


7—DIE NUCELLUS NA BEVRUGTING... 


Na bevrugting bly die nucellus meristematies. Min nuwe selle word egter 
gevorm. Die grootste teelaktiwiteit is in die sye en in die basis. van die nucellus. 
Deur hierdie teelaktiwiteit en veral deur die, groei van dié selle neem die nucellus 
toe in lengte en breedte. 


` Namate die kiemsak vergroot, word die selle om hom geabsorbeer. Eers 
word die selle egalig om die kiemsak geabsorbeer, maar namate die teelaktiwiteit 
in die basale deel van die nucellus oorweeg, vind die vinnigste absorbsie daar 
plaas. 


Wanneer die selkiemwit gevorm ie is daar 'n intensiewe verbruik van die 
nucellus. Wanneer al die kernkiemwit na selkiemwit verander het, het die 
kernmeristeem sy teelaktiwiteit prysgegee en bly baie min van die nucellus oor. 
(Fig. 14) Met die verbruik van die. .selkiemwit ondergaan die nucellus weinig 
verandering. 

Die kerntepel bly bestaan totdat'die kiem volwasse is. (Fig. 18) Lank 
voordat die saadknop volwasse is, het die selle in die buitenste laag van die 
kerntepel in die toppunt van die nucellus `n palissade voorkoms. (Fig. 4 en 12.) 
Wanneer die kiem volwasse is, bestaan die kerntepel uit hierdie palissade selle 
en nog een of twee lae selle. (Fig. 15 en 18.) 


As die kiem volwasse is, bestaan om die boonste helfte van die kiem net 
'n dun vlies van die nucellus wat Of vormloos is Of waarin op enkele plekke 
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plasmaryke selle kan onderskei word. (Vgl fig. 17.) Om die sye van die onderste 
helfte van die kiem bestaan nog 2—B5 lae selle waarvan dié wat naaste aan die 
kutikula 1ê plasmaryk is. (Fig. 19) In die saadbasis (chalaza) teenaan die 
selkiemwit bestaan nog 5—I12 lae selle. 


8—DIE SAADHUID. 


Die binnevlies van die saadknop bly meristematies vir ten minste ses weke 
nadat die blomme oopgegaan het. Die binnevlies neem toe in lengte, maar bly 
3-4 sellae breed. Wanneer die selle van die binnevlies nie meer teelaktief is 
nie, differensieer hulle tot groot, plasma-arme, isodiametriese of langwerpige selle. 
(Fig. 19) Die binnenste laag ontwikkel 'n prominente kutikula (fig. 13, 17, ens.) 
wat, voordat die selkiemvwit gevorm word, van die topweefsel tot die basaalweefsel 
strek. Wanneer die kutikula die basaalweefsel bereik, het dit op sommige plekke 
in die sy van die saad nog nie ontwikkel nie. 


Die endostoomkanaal is na bevrugting gesluit. Al die selle in die rand van 
die binnevlies verkurk sodat die topweefsel uitbrei. (Fig. 15 en 18.) Die res van 
die selle van die binnevlies verloor hul inhoud en word platgedruk. Al wat oorbly 
van die selle is 'n dun, nie-sellulêre vlies wat oor die kutikulahuid lê. Die 
verwording van die selle begin teenaan die topweefsel en word in die rigting van 
die chalaza voortgesit. Wanneer die kiem 15 weke na die blomme oopgegaan het, 
sy volwasse grootte bereik het, bestaan een tot vier lae selle nog in die basale 
deel. 


Styf teenaan die binnekant van die kutikula van die binnevlies lê `n dun 
lagie gevorm deur oorblyfsels van die kiemwit en nucellus. Hierdie lagie tesame 
met die kutikulahuid en die oorblyfsels van die binnevlies aan die buitekant 
van die kutikula vorm die binnehuid van die saad. 


Die buitevlies lê styf teen die vrugwand en neem toe in lengte deur 
antikliniese verdeling van die selle. Die vlies bly twee sellae dik (fig. 15, 17 en 20) 
behalwe tussen die mikropiel en nael. Die buitevlies groei verby die punt van 
die binnevlies en vorm `n betreklike lang exostoomkanaal (fig. 14 en 15) wat 
vermoedelik oop bly. 


In teenstelling met die orige primêre weefsels van die saadknop behou die 
selle van die buitevlies 'n vorm en neem toe in plasma-inhoud. Aanvanklik is 
daar geen kenbare verskil tussen die selle van die twee lae nie en is die selle 
van beide lae ewe plasmaryk. Wanneer die selkiemwit klaar gevorm is, is die 
selle nog naastenby ewe groot, maar die selle van die binnenste laag is dan 
plasmaryker as dié van die buitenste laag en elke sel van eersgenoemde laag 
bevat een kristal—in uitsonderlike gevalle twee. (Fig. 15.) Namate die saadknop 
groei, word die selle van die buitenste laag ewewydig met die lang-as, 
en die selle van die binnenste laag reghoekig met die lang-as, van die saadknop 
gestrek. Die gediiferensieerde binnenste laag is die kristallaag waarin die 
kristalle 5—6 weke nadat die blomme oopgegaan het, verskyn. In die volwasse 
saad is die selle van die kristallaag dikwandig en 45—60 mk. lank. (Fig. 90.) 


Die selle van die buitenste laag van die buitevlies bly bestaan en vorm saam 
met die kristallaag die buitehuid van die saad. Tn die volwasse saad het die selle 
van die buitenste laag 'n korrelagtige en lewende inhoud en in sommige selle 
kan 'n groot kristal onderskei word. Die buitehuid 1ê baie styf teen die vrugwand. 
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n Paar weke nadat die blomme oopgegaan het, is die selle by die basis 
van die nucellus gekenmerk deur 'n wynrooi-gekleurde inhoud. Aanvanklik 
bestaan die selwande van hierdie selle net uit selluloos. Mettertyd word 'n deel 
wat nie deur Delafield se haematoxylin gekleur word nie (kurkstof), tot die 
selwand toegevoeg. Na die verkurking van die selwande word die inhoud van 
die selle liggeel of geelbruin gekleurd deur Delafield se haematoxylin. Die 
gekleurde weefsel by die basis van die nucellus is die basaalweefsel genoem. 


A1 die selwande in die basaalweefsel verkurk nie. Enkele selle teenoor die 
vaatbundelpunte behou hul dun sellulooswande. Selfs onmiddellik na die kiem 
sy volwasse grootte bereik het en die nucellus feitlik uitgeteer is, kan hierdie 
onverkurkte selle nog uitgeken word. . 


Die kutikulahuid van die binnevlies reik tot teenaan die basaalweefsel en, 
SOOS die kiem volwasse raak, bedek dit die basaalweefsel aan die nucelluskant. 
Die kutikula is egter bokant die basaalweefsel plek-plek onderbreek. 


Na bevrugting kan die volgende drie wyke duidelik in die chalaza onderskei 
word:—(i) 'n wyk wat oorgaan in die binnevlies, die binnevlieswyk, (ii) 'n wyk 
wat oorgaan in die buitevlies, die buitevlieswyk, en (iii) `n nou deel (hals) wat 
die binnevlieswyk en die buitevlieswyk met mekaar verbind. 


Die grondweefsel van die chalaza bly vir 'n geruime tyd parenchymaties. 
Die basaalweefsel neem toe ten koste van die grondweefsel van die binnevlieswyk. 
Die vaatweefsel van die chalaza is baie swak ontwikkel en die tracheiede bereik 
nie die basis van die binnevlies nie. 


Die volwasse vrugte is plat en gevleuel. Die vleuel word gevorm deur die 
vrugwand en die buitehuid van die saad. Deur vertikale verdelings reghoekig 
met die oppervlakte van die saadknop word die omvang (perimeter) van 
die buitevlies tot so 'n mate vergroot dat die vlies moet uitstulp. Hierdie 
uitstulping geskied aan weerskante van die saadknop reghoekig met die mediaan 
wat deur die raphe strek en vorm die vleuel van die saad. 


LEUCADENDRON ADSCENDENS, R.Br. 


Leucadendron adscendens blom van Junie tot Augustus. Die blomdek verwelk 
binne 'n paar dae. Die vrug ontwikkel betreklik vinnig en na vier maande is 
die vrugwand swart en droog. Die kiem ontwikkel eers stadig totdat die 
kiemblare ontstaan. Vier-en-'n-half maande nadat die blom oopgegaan het. 
het die kiem sy volwasse grootte. 


In bloeiwyses wat nie deur insekte beskadig word nie, ontwikkel vrugte 
uit 20 persent tot 80 persent van die blomme. Van hierdie vrugte is 20 persent 
tot 50 persent normaal. Die vrugte word in die ou bloeiwyses vasgehou deur 
die skutblare. Gedurende die tweede en derde jaar nadat die blomme oopgegaan 
het, droog die skutblare uit, word swartbruin en wyk uit mekaar. Nadat die 
skutblare van mekaar gewyk het, word die vrugte gou versprei. 


Die bou en ontwikkeling van die saadknop, met sy ingeslote strukture, van 
L. adscendens (fig. 21—36) kom baie ooreen met dié van L. lanigerum en sal 
hier net die verskille en aanvullende waarnemings aangestip word. 


7 


Die binnevlies is op. die meeste plekke 3 sellae breed. . Om die endostoom- 
kanaal is dit 6—8 sellae in deursnee. (Val. fig. 22.) Wanneer die saadknop sy 
volwasse toestand bereik, is geen, Vysisines in die selinhoude en selwande om 
die endostoomkanaal waar te, neem nie. 'n Paar maande na bevrugting begin 
Ty topweefsel egter om die endostoomkanaal te ontwikkel. 


Die antipodale selle 1ê soms los van mekaar. (Fig. 24) Die antipodale selle 
is nog uit te ken nadat die kernkiemvwit begin te vorm. (Fig. 28) In kiemsakke 
waarin geen bevrugting geskied het nie, het die, antipodale selle vier maande 
na die blomme oopgegaan het nog bestaan. (Fig. 32) Elke synergida het 'n 
duidelike selwand. (Fig. 26) 


In uitsonderlike gevalle bevat die nucellus twee kiemsakke. (Fig. 31) Tn die 
geval wat waargeneem is, was die nucellus in twee gesplits. Beide kiemsakke het 
vermoedelik normaal ontwikkel. Die saadknop is ondersoek tien weke nadat die 
blomme oopgegaan het. In een kiemsak was kernkiemwit en in die ander het 
bevrugting vérmoedelik nie plaasgevind nie. 


Met die intree van die stuifmeelbuis in die kiemsak gaan een helpster soms 
onmiddellik tot niet. Net na bevrugting is albei helpsters soms in 'n verwordende 
toestand. `(Fig. 27.) Voor die bevrugte eier verdeel en selfs nog voor die 
gameetkerns in die bevrugte eier Ted het, is 'n aantal vry kiemwitkerns al 
gevorm. .: (Fig. 27 en 28.) ; : 


Etlike weke nadat die blomme oopgegaan het, is 'n groepie klein, half-leë 
selle waarvan die selwande deur saffranien rooi gekleur word, in die nucellus 
teen die antipodale punt van die kiemsak uit te ken. 


Die selle van die palissade-laag (kristallaag) wat uit die binnenste sellaag 
van die buitevlies ontwikkel, is nie prominent radiaal verleng nie en is ongeveer 
38 mk. lank en 18 mk. breed en hoog. (Fig. 34—386) In die volwasse saad is 
die buitenste laag van die buitehuid beswaarlik te onderskei van die vrugwand 
(Fig. 36.) Tn die volwasse saad is die exostoomkanaal gesluit deur die kristallaag. 
In een geval wat waargeneem is, was die dik deel van die buitevlies na 
bevrugting by die exostomium in twee verdeel. (Fig. 30.) 


 LEUCADENDRON PLUMOSUM, R.Br. 


Die EE plante, beide manlik en vroulik, van L. RE blom in die 
begin van September. As die blom volwasse is, steek net die stempel buitekant 
die bloeiwyse uit. Nadat die stempel buitekant die blom verskyn het, verwelk 
die stempel en styl gou. 


In sommige bloeiwyses, word geen vrugte gevorm nie. In ander het tot 
40 persent van die blomme normale vrugte gevorm. Die vrugte word meestal 
in die tweede jaar na die blomtyd versprei. 


Die bou en ontwikkeling van die saadkndp (insluitende die kiemsak, kiemwit, 
kiem en saad) van L. plumosum (fig. 37—50) kom ook baie ooreen met dié van 
L. lanigerum. Net die belangrikste verskille'en aanvullende waarnemings word 
hier vermeld. 


Die volwasse saadknop (fig. 41) is naastenby .9 mm. lank met 'n skerp basis. 
In een geval. wat waargeneem is (fig. 43), het byna al die selle in: die chalaza 
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teen die punt van die desmogeenbundel verword en, hoewel die saadknop net 
240 mk. lank was, het dit 'n ag-kern kiemsak bevat. Aangesien stowwe uit 
die desmogeen nié die nucellus kan bereik nie, sal so 'n kiemsak met uittering 
gedoem wees. j 


'n Groot plasmaryke sel word in die middel van die nucellus uitgedifferensieer 
(fig. 37 en 88) nadat die saadknopvliese aangelê” is en voordat die .saadknop 
300 mk. lank is. Hierdie sel kan geinterpreteer word as die eensellige arche- 
sporium. Wat die lot van hierdie sel is, kon nié met sekerheid aangetoon word 
nie. Geëordeel na die profase van die kern kom die sel ooreen met die 
makrospoor-moedersel wat by die ander soorte van die Proteaceae waargeneem is. 
Dit is hier ook as die makrospoor-moedersel geinterpreteer. 


Die makrospoor-moedersel verdeel transversaal en vorm twee selle wat dan 
diades moet wees. Onmiddellik daarna verdeel die mikropilêre diade deur 'n 
skuins-vertikale wand en bestaan die sporogene weefsel uit twee makrospore wat 
jangs mekaar. 1ê, en een diade wat teen beide makrospore grens. '(Fig. 89) 
Al drie selle word deur die -stewige membraan van die makrospoor-moedersel 
“omsluit. Die dwarswande tussen die 'diades en die makrospore is baie dun. 
Hoewel die makrospore onmiddellik na hul ontstaan tekens van uittering toon, 
kom hul origens t.o.v. hul plasmatiese inhoud ooreen met die diade en verskil 
van die aangrensende nucellusselle. 


Die lot van die chalazale diade is nie bepaal nie. Dit kan eers verdeel en 
twee makrospore vorm en dan kan die kiemsak uit een van die makrospore 
-ontstaan. Dit is egter.ook moontlik dat die chalazale diade direk oorsprong aan 
die kiemsak gee. 


As die makrospore gevorm word, is die dekweefsel duidelik te onderskei en 
is op hierdie stadium gewoonlik twee sellae in deursnee. (Fig. 39) 'Twee 
makrospore wat langs mekaar lê, verskil dus nie in vorm en plasing van die 
dekweefselselle nie. Eers is daar `n duidelike plasmatiese verskil tussen die 
makrospore en die aangrensende dekweefselselle, maar namate die selplasma 
geabsorbeer word, is daar geen onbetwisbare verskil nie. 


Teen die toppunt van die kiemsak kom soms twee leë of half-leë dunwandige 
selle voor. ln een geval (fig. 40) is hierdie selle waargeneem voordat daar tekens 
was van verdwyning van enige selle om die kiemsak. Die selwande, veral die 
vertikale wand tussen die twee selle, was baie dun en heelwat dunner as die 
wande wat die dekweefselselle skei. Dit is dus waarskynlik dat in die genoemde 
geval die twee selle verwordende makrospore is. 'Tussen die kiemsak en hierdie 
sel was `n nietige donker massa wat moontlik die res van die derde makrospoor is. 
In jong kiemsakke waar geen ander aanduiding van makrospore is nie, is altyd 
'n nietige donker massa in (of teen?).die toppunt van die kiemsak waar te neem 
wat vermoedelik die res van die makrospore is. 


Uit die eenkern-kiemsak ontstaan die volwasse agkern-kiemsak. Tn die 
onderpunt van die volwasse kiemsak is drie eenkernige antipodale selle met 
gemeenskaplike dwarswande. (Fig. 41 en 43—#45.) In die vars, oop blomme bevat 
elke kern een nucleolus. Die nucleoli vermeerder soms namate die blomme 
verdroog. Die mikropilêre punte van die antipodes is soms fond. In $ulke 
gevalle is die selle plasmaryk, maar geen selwande is om die afgeronde gedeeltes 
te onderskei nie. Die antipodale selle bestaan nog en is nog plasmaryk as die 
kiem 60 mk. lank is. (Fig. 45.) 


(ie) 


In die boonste helfte van die kiemsak is twee polare kerns wat styf teen mekaar 
1ê. Die polare kerns vergroot effens namate die blomme verdroog. Die nucleoli 
vergroot en die karioplasma ontwikkel 'n skuimstruktuur. (Fig. 49.) 


Die drie selle van die eier-apparaat lê styf teen mekaar in die mikropilêre 
punt van die kiemsak. Elke sel het 'n prominente kern. Elke synergida is 
toegespits; die spitspunt is plasmaryk en in die basale deel is `n groot vakuool. 
(Fig. 49) Namate die blomme verdroog, vergroot die synergidae en word fyn 
fibrille in die toppunt gevorm. In die basale deel ontwikkel die selplasma 'n 
skuimstruktuur. (Fig. 46.) 


Die lot van die kernkiemwit is nie bepaal nie. Die volwasse sade is egter 
kiemwitloos. 


Die kiem is nie so plat soos by L. lanigerum en L. adscendens nie. Die 
wortelmus is taamlik lank en die kaliptrogeen is betreklik duidelik afgebaken. 
Die endisteem kan tot ongeveer .5 mm. vanaf die inisiaalgroep gevolg word. 
(Fig. 50.) Aan die spits van die wortelmus is nie 'n duidelike aanhangsel nie. 


'n Jaar na die blomtyd is al die nucellus geabsorbeer. Gedurende die 
ontwikkeling van dit saadknop is 'n groepie leë selle tussen die onderpunt van 
die kiemsak en die basaalweefsel te onderskei. Die wande van hierdie selle kleur 
rTOOi met saffranien. (Fig. 45.) 


Die palissade selle van die kristallaag is 75 mk. lank. (Fig. 48) Die buitenste 
laag van die buitevlies gaan soms tot niet. Wanneer laasgenoemde laag selle 
bevat, is die laag beswaarlik te onderskei van die aangrensende lae van die 
vrugwand. 


LEUCADENDRON ARGENTEUM, R.Br. 


Die materiaal wat gebruik is vir die studie van die Silwerboom (L. argenteum), 
is afkomstig uit die distrik van Stellenbosch waar die plante vermoedelik inheems 
is. Die plante, manlik sowel as vroulik, blom gedurende September. 'n Paar dae 
nadat die blomme oopgegaan het, begin die blomdek, styl en stempel uit te droë. 
Die genoemde dele is egter blywend en vorm die sweef-apparaat van die volwasse 
vrug. 


Twee maande na die blomtyd het die saadknoppe reeds baie toegeneem in 
grootte en is die kiemsak gevul met 'n vloeistof. 'Teen hierdie tyd is die kiem 
nog maar 160 mk. lank. Nege maande na die blomtyd is die kiem volwasse. 
Normalerwys word uit 'n hoë persentasie van die blomme volmaakte kieme gevorm. 
Hoewel 90 persent van die blomme soms vrugte vorm, kan "0 persent as die 
gemiddelde vrugbaarheid van die plant gereken word. 


Dit word deur sommige beweer dat die vrugte van die Silwerboom tot sewe 
jaar neem om te ontwikkel. Hierdie opvatting is foutief. Die vrugte is 'n jaar 
na die blomtyd volwasse, Soos by die Leucadendronsoorte wat reeds hier behandel 
is, word die vrugte vanaf een jaar na die blomtyd versprei. Sover soos vasgestel 
is, behou geen normale keël sy vrugte vir langer as drie jaar na die blomtyd nie. 
Die leë keëls sit egter vir 'n onbepaalde aantal jare op die boom vas. 


Hoewel die ontwikkeling van die saadknop, in soverre dit bepaal is, in 
hoofsaak ooreenstem met dié van L. lanigerum, is daar belangrike afwykings 
t.o.v. die bou. (Fig. 51—66.) 
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Die volwasse saadknop is ongeveer 14 mm. lank met 'n ronde basis. 
'n Duidelike basaalweefsel word by die basis van die nucellus aangetref. (Fig. 57.) 
Die binnevlies is vier sellae in deursnee en vorm geen topweefsel nie —nie 
eers na bevrugting nie. Die nucellus is 860 mk. lank en 620 mk. breed en is 
massiewer as by die ander Leucadendron-soorte wat hier behandel is. Teen die 
antipodale punt van die kiemsak is (ook nog na bevrugting) 'n groepie leë selle 
waarvan die selwande deur saffranien rooi gekleur word. Die kerntepel is 
5—8 sellae hoog. Voordat die blomme oopgaan, vorm die vaatbundel in die 
binnevlieswyk van die chalaza 'n aantal (ten minste vier) desmogeentakke wat 
in die basis van die binnevlies verloop tot waar die binnenste laag van die 
binnevlies en die buitenste laag van die nucellus inmekaar loop. 


Die voor-ontwikkeling van die kiemsak is normaal. (Fig. 59—B54) In die 
jong agkern-kiemsak is die kerns bipolêr geplaas met vyf kerns in die 
antipodale punt en drie in die toppunt. Drie van die kerns in die onderpunt, 
die antipodale kerns, word eers as 'n groep deur 'n selwand van die res van die 
kiemsak afgeskei. As die antipodale punt van die kiemsak afgesnoer word, 
1ê die twee polare kerns naby die dwarswand. 'Teen die tyd kan die synergidae 
al van die eier onderskei word. (Fig. 58.) Voordat die blomme oopesaan, word 
die antipodale punt van die kiemsak in drie eenkernige antipodale selle verdeel. 
(Vel. fig. 58.) 


In die volwasse kiemsak is die skeiwande van die antipodes soms baie dun 
en 1ê dan los van die protoplasma. Wanneer dit die seval is, bevat elke sel 
ten minste twee kerns. Fyn fibrille kan in die toppunt van elke synergida 
onderskei word. (Fig. 59.) 


Die kiemsak vergroot baie vinnig na bevrugting. 'Twee maande na die 
blomtyd is die kiemsak uitgevoer met `n dun lagie kernkiemwit (fig. 62) behalwe 
om die kiem waar selkiemwit alreeds gevorm het (fig. 61) en in die chalazale 
punt waar die kernkiemwit van kant tot kant strek. Of al die kernkiemwit 
tot selkiemwit verander word, is nie bepaal nie. 


In die volwasse saad word die kiem omring deur 'n duidelik gedifferensieerde 
laag kiemwitselle waarin eiwitkorrels voorkom. (Fig. 64.) Teen die chalaza 
is die kiemwitlaag 2—S8 sellae in deursmee en die selle feitlik leeg. (Fig. 65.) 


Die volwasse kiem is 8 mm. lank. (Fig. 63) Die kiem-as is relatief kort 
en 1.75 mm. lank. Die wortelmus is plat en sonder 'n aanhangsel. Die kalip- 
trogeen is nie opvallend nie. 'n Endisteem is duidelik afgebaken en kan tot 
naby die inisiaalgroep uitgeken word. (Fig. 66.) 


Nadat die blomdek begin verdroog, word min nuwe selle in die nucellus 
gevorm. Die nucellus word vinnig geabsorbeer en twee maande na die blomtyd 
bestaan om die kiemsak net 5—8 lae. Laasgenoemde nucellusselle is langwerpig 
en net die buitenste 1—8 lae is plasmaryk. (Fig. 62.) In die volwasse saad 
kom geen nucellusselle voor nie. 


Na bevrugting verleng die selle van die buitenste en die binnenste sellaag 
van die buitevlies reghoekig met die lang-as van die saadknop. 'Twee maande 
na die blomtyd is die selle van die binnenste laag al 550 mk. lank, 23 mk. breed 
en elke sel bevat 'n kristal. Op hierdie stadium is die palissade selle van die 
buitenste laag 100 mk. lank. Hoewel die selle van die binnenste palissade-laag 
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(kristallaag) gedurende die verdere ontwikkeling van die saad nog ongeveer 
100 mk. langer word, verleng die selle van die buitenste laag nie verder nie. 
(Vel. fig. 64.) In die volwasse saad is die buitehuid donker gekleurd. 


Die binnehuid van die volwasse saad bestaan uit die sellulêre kiemwitlaag, 
die vormlose oorblyfsel (indien enige) van die nucellus, kiemwit en selle van 
die binnevlies en die prominente kutikula wat uit die binnenste laag van die 
binnevlies ontwikkel. 'n Duidelike hals kan in die chalaza tussen die binnehuid 
en die buitehuid onderskei word. (Vel. fig. 65.) 


Schwarzbart (1905) se interpretasie van die dele van die saad wat buitekant 
die kiemvwitlaag 1ê, is foutief. Die buitehuid het hy geinterpreteer as die endokarp. 
Aangesien genoemde skrywer nie die ontwikkeling van die saad nagegaan het nie, 
is hierdie foutiewe interpretasie begryplik. Verder sê die genoemde skrywer dat 
die saad 'n kort funiculus besit. Aangesien hy die buitehuid as `n deel van die 
vrugwand geinterpreteer het, sal, wat hy as die funiculus aangesien het, die 
prominente hals wees waarmee die binnevlieswyk en die buitevlieswyk verbind is. 
(Vel. fig. 60 en 65.) Aangesien hierdie hals naastenby op die mediaan van die 
saadknop 1ê, is dit ook begryplik dat Schwarzbart (bls. 41) sê dat die saad uit 
'n ortotrope saadknop ontwikkel. 


Volgens bogenoemde skrywer is daar in die saadhuid aan die binnekant van 
die kristallaag 'n prominente laag selle wat uitstaande is weens hul ,,stark- 
verdickte Aussenwinde, welche leistenformig in die Seitenwande. einspringen; 
warscheinlich entspricht diese Zellage der Epidermis des inneren Integuments 
der Samenanlage”. (Bls. 42.) As die beskrywing van hierdie laag vergelyk 
word met fig. 36 (L. adscendens) en ook met fig. 17 (L. lanigerum) en fig. 62 
(L. argenteum) dan lyk dit baie waarskynlik dat Schwarzbart 'n oorblywende 
sellaag van die nucellus met die kutikula van die binnevlies wat styf daarteen 
1ê, waargeneem het. Uit die beskrywing van Schwarzbart is dit duidelik dat 
die genoemde laag nie die kiemwitlaag is nie omdat hy na laasgenoemde verwys 
as die ,,N&hrgeweberest”. 


CONGCLUSIONS AND SUMMARY. 
(LEUCADENDRON.) 


The ovule, embryo-sac, embryo and seed of the species of Leucadendron 
that were examined have the following features in common:—(1) When the 
plants are in flower the “ kerntepel” (nucellar cap) is 2—$8 layers of cells in 
height, (2) in the full-grown ovule the whole of the nucellus is meristematic, 
(3) the inner integument is 3—4 layers of cells in diameter, (4) after fertilisation 
the inner layer (kristallaag) of the inner integument contains crystals and 
forms a well-defined palisade layer, (5) the outer integument is two layers of 
cells in diameter, (6) all species have a “ basaalweefsel” (—a tissue in or at 
the base of the nucellus, the cells of which differ cytologically and/or histologically 
from the adjacent tissues), (7) during the development of the seed a specialised 
group of cells occurs next to the antipodal point of the embryo-sac. 'The contents 
of these cells are usually colourless and the cell-walls are coloured red by 
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safranin, (8) in the seed and its developmental stages a neck can always be 
distinguished in the chalaza. 


The species differ from one another with regard to the external form 
of the base of the chalaza, the “topweefsel” (—a tissue surrounding the 
micropylar canal which differs cytologically and/or histologically from the 
adjacent tissues), the time of development of the '“ basaalweefsel,” the antipodal 
cells, the synergidae, the development of the embryo-sac, the endosperm and the 
outer testa. 


With regard to these variable characters two groups can be distinguished 
which will be called the adscendens group and the argenteum group. 


To the adscendens group belong L. adscendens, L. lanigerum and L. plymoSsum. 
This group has the following characteristics:—(a) the “ basaalweefsel” develops 
after fertilisation, (b) the palissade cells of the crystal layer are up to 100 mk. 
long, (c) if anything remains of the endosperm around the embryo, it is only 
a thin membrane without cells and nuclei, (d) the base of the chalaza is pointed. 


To the argenteum group belongs L. argenteum. 'This group has the following 
features:—(a) the “ basaalweefsel” is prominent before fertilisation, (b) the 
palisade cells of the crystal layer are more than 500 mk. long, (c) a cellular 
layer of endosperm surrounds the mature embryo, (d) the base of the chalaza 
is round, (e) the outer layer of the outer testa also consists of palisade cells 
which are more than 80 mk. long. 


It has been shown that the interpretation given by Schwarzbart of the 
structure of the seed of L. argenteum is wrong. 


LITERATUURLYS. 


Kyk by die einde van die artikel oor Leucospermum conocarpum. 
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LEUCADENDRON LANIGERUM, Buek. 
Figure 1— 9. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


Die aanleg van die saadknop (a.sk.). Die bloeiwysknop is 3 mm. lank; 
hd. helmdraad. `X 5. 


'n Jong saadknop met `n makrospoor-moedersel. Bloeiwysknop 48 mm. 
lank. `X 190. 


Vier makrospore. Bloeiwysknop 48 mm. lank. `X 415. 
Die nucellus met 'n tweekern-kiemsak. `X 330. 


'n Dwarssnit van `n jong saadknop met 'n makrospoor-moedersel. 
bn. buiknaat. `X 5. 


'n Kiemsak met ag kerns in 'n saadknop wat .48 mm. lank is. `X 885. 
Die onderpunt van 'n volwasse kiemsak. `X 445. 


'n Volwasse saadknop; o. kleurstof (gestippeld) in saadknop; tv.r die 
buitevlies tussen die nael en die exostoom. `X 80. 


Die boonste twee-derdes van 'n volwasse kiemsak met 'n eier-apparaat 
(e.a.) en twee polare kerns. `X 500. 
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13. 
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LEUCADENDRON LANIGERUM, .Buek: 
Figure 10— 14. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Deel van 'n volwasse saadknop op die hoogte van die middel van die 
kiemsak. Let op die nuutgevormde selle in die nucellus. `X 230. 


'n Kiemsak en die top van 'n saadknop met `n stuifmeelbuis. Vry 
kiemwitkerns is al aan die vorm. `X 210. 


Die kerntepel en 'n kiemsak met 'n bevrugte eier (be) en Vry 
kiemwitkerns (kw.k.). Die blomme is ongeveer vier weke oop. `X 210. 


Die top van 'n saadknop (sonder die buitevlies) met kernkiemwit in 
die kiemsak. Selle is net in dié deel van die kiem wat naaste aan die 
mikropiel lê, ingeteken. Ongeveer sewe weke na die blomme oopgegaan 
het. `X 260. 


'n Saadknop met 'n kiem, tien weke nadat die blomme oopgegaan het; 
end. endostomium; hs. basaalweefsel. AB. 


1. 
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18. 
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LEUCADENDRON LANIGERUM, Buek. 
Figure 15 — 20. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


Die top van 'n saadknop tien weke nadat die blomme oopgegaan het. 
O.kt. oorblyfsel van die kerntepel. `X 110. 


Die punt van die wortelmus met 'n viersellige aanhangsel (ah.). `X 490. 


” 


n Deel] van die wand naby die top van `n saadknop tien weke nadat die 
blomme oopgegaan het. Selle is nie altyd te onderskei in die kiemwit- 
laag (aa.) nie. o.ev. oorblyfsel van die binnevlies. `X 420. 


'n Volwasse, onryp saad sonder die buitehuid 15 weke nadat die blomme 
oopgegaan het. hs. basaalweefsel. `X 380. 


'n Deel van die wand van die saadknop in fig. 18 by die top van die 
sellulêre kiemwitlagie (aa.). o.ev. selle van die binnevlies wat op hierdie 
tydstip nog bestaan. `X 420. 


Die buitehuid en die vrugwand van 'n volwasse saad. kut.v. die kutikula 
van die vrugwand. X 250. 
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23. 


24. 


25. 


26. 


LEUCADENDRON ADSCENDENS, R.Br. 
Figure 21— 96. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Jong stamper met die aanleg (a.sk.) van die saadknop. a.st aanleg 
van die styl. ` 100. 


'n Deel van 'n jong saadknop met vier makrospore. Xx. buitenste basis 
van die binnevlies. `X 270. 


'n Deel van die nucellus met 'n eenkern-kiemsak. Die donker plek in 
die top van die kiemsak is vermoedelik die oorblyfsels van die nie- 
funksionele makrospore. Die saadknop is .38 mk. lank. `X 380. 


Drie antipodale selle in die onderpunt van 'n kiemsak. Daar is `n 
aanduiding dat die punt van die kiemsak deur 'n dwarswand afgesnoer 
is od 1150. 


'n Lengtesnit van 'n volwasse saadknop. Die blomdek is al aan die 
uitdroë. `X 85. 


'n Volwasse kiemsak in 'n verwelkte blom. X 590. 
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Fig. 29. 


Fig. 27. 


Fig. 28. 


Fig. 29. 


Fig. 30. 


LEUCADENDRON ADSCENDENS, R.Br. 
Figure 27— 80. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Deel van die nucellus en die top van die kiemsak kort na bevrugting 
en ongeveer 'n maand nadat die blomme oopgegaan het. b.e. eier met 
'n manlike en die vroulike kern; kw.k twee kiemwitkerns; s. verdwynende 
synergidae. `X 570. 


Die chalazale deel van `n saadknop kort na bevrugting. n. deel van 
nael; o.ks. onderpunt van kiemsak met drie antipodale selle en Vry 
kiemwitkerns. `X 84. 


'n Deel van die nucellus teenaan die binnevlies en basaalweefsel kort 
na bevrugting. `X 505. 


Die top van 'n saadknop kort na bevrugting. f.tv. 'n aanhangsel van 
die deel van die buitevlies (tv.n.) wat grens teen die nael (MM. X 110. 
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LEUCADENDRON ADSCENDENS, R.Br. 
Figure 31— 86. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Saadknop met twee kiemsakke. Kernkiemwit in linkerkiemsak. Die 
nucellus is-in twee gesplits. rm. ruimte tussen die twee dele van die 
nucellus. Aan die linkerkant is daar geen duidelike grens tussen die 
nucellus en die binnevlies regoor die kiemsak nie. 'Tien weke nadat die 
blomme oopgegaan het. `X 60. 


'n Saadknop waarin bevrugting nog .nie geskied het nie. Ongeveer 
vier maande na die blomme oopgegaan het. b.ch. die binnevlieswyk 
van die chalaza; h.ch. hals van die chalaza. Die eier-apparaat is aan 
die verword. `X 45. 


'n Lengtesnit van 'n volwasse kiem ongeveer vier-en-'n-half maande 
na die blome oopgegaan het. `n Kernlose en sellose kiemwitvlies is 
om die kiem (a) en tussen die kiemblare. ES. 


'n Saadknop waarin die binnevlies en die nucellus (u.sk.) uitgeteer is. 
Die buitevlies het normaal ontwikkel en het etlike voue. b.ch. binne- 
vlieswyk van die chalaza; ptv. kristallaag (palissade-laag) en v.tv. 'n 
vou van die buitevlies. `X 25. 


'n Dwarssnit van die vrug deur die kiemwortel 'n endjie agter die 
inisiaalgroep. k.vw. kutikula van die vrugwand; pal. kristallaag 
(palissade-laag) van die buitehuid; x. die vrugwand en die buitenste 
laag (lae) van die buitehuid. Vrugte ongeveer 'n jaar oud. `X 30. 


'n Deel van 'n dwarssnit van die saadhuid en vrugwand van die vrug 
in fig. 35. o.vw. ongeskonde selle in die vrugwand; pal. kristallaag; 
V.s. verwordende selle van vrugwand en buitenste laag (lae) van 
buitevlies: z. die oorblyfsel van die nucellus waarin nog enkele selle 
uit te ken is. X 270. 
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Fig. 


Fig. 


37. 


38. 


39. 


40. 


d1. 


42. 


LEUCADENDRON PLUMOSUM, R.Br. 
Figure 37— 49. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Jong saadknop met 'n makrospoor-moedersel (m.ms.). Blomme 
8 mm. lank. 110. 


Vergroting van die makrospoor-moedersel en kerntepel in fig. 87. 
460. 


Sporogene selle in 'n jong saadknop wat 370 mk. lank is. ch.d. chalazale 
diade? Xx en y twee makrospore? Die twee selle x en y word deur 'n 
nouliks erkenbare selwand van mekaar geskei. 460. 


`n 'Tweekern-kiemsak in 'n saadknop wat 400 mk. lank is. x en y twee 
makrospore? Die donker streep tussen die kiemsak en Xx en y is die 
oorblyfsel van die vierde makrospoor? `X 430. 


'n Lengtesnit van 'n volwasse saadknop. tv.n. die buitevlies teenaan 
die nael. N 1D. 


'n Jong kiemsak met ag selle en kerns in 'n saadknop van .52 mm. 
lengte. 500. 
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Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


43. 


AA. 


45. 


46. 


47. 


48. 


49. 


50. 


LEUCADENDRON PLUMOSUM, R Br. 
Figure 43 — 50. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Saadknop met 'n kiemsak met ag kerns en selle. Die desmogeen (des.) 
bestaan net uit enkele lae selle. 'n Strook selle in die chalaza het 
verword (Vs). O 900. 


Die antipodale punt van 'n kiemsak met drie antipodale selle (a.s.) 
waarin die protoplasma besig is om af te rond (of te verword?). 
Stempels van die blom aan die verdroog. ` 500. 


Die onderpunt van 'n kiemsak in `n jong vrug wat ruim 2.5 mm. lank is. 
1s. 'n uitstaande groepie leë selle waarvan die selwande deur saffranien 
rooi gekleur word, tussen die antipodale spits van die kiemsak en die 
basaalweefsel. `X 345. 


Die toppunt van die kiemsak wat in fig. 44 geteken is, met twee 
synergidae met fibrillêre apparaat (f.a.). Let op die net- (skuim-) 
struktuur van die protoplasma van die synergidae. Die kiemsak is 
117 mm lank || 305 


Die toppunt van 'n saadknop in 'n vrug wat ruim 2.5 mm. lank is. 
Die stuifmeelbuis (sb.) is gekronkeld en verskeie dele is in die snit te 
Sien. tv.n. die buitevlies teenaan die nael. 'n Groot deel van die 
kerntepel is deur die stuifmeelbuis verniel. `X 85. 


'n Deel van die saadhuid van 'n volwasse saad. Van die binnevlies bly 
feitlik net die kutikula (kut.) oor. `X 105. 


Twee polare kerns uit die kiemsak wat in fig. 44 en 46 geteken is. 
Let op die net- (skuim-) struktuur van die karioplasma. n. nucleolus. 
960. 


Die as van 'n volwasse kiem. 40. 
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LEUCADENDRON ARGENTEUM, R.Br. 
Figure 51— 56. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Lengtesnit deur 'n jong saadknop. VD 

`n Makrospoor-moedersel en die kerntepel. X 475. 

'n Jong agkern-kiemsak. X 385. 

Vier makrospore. X 495. 

'n Jong kiemsak met drie verdwynende makrospore. `X 925. 


'n Deel van `n jong saadknop. z. die punt waar die binnevlies en die 
nucellus inmekaar loop. Aanduidings van teelaktiwiteit in die basis van 
die binnevlies en in die nucellus. `X 230. 
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LEUCADENDRON ARGENTEUM, R.Br. 
Figure 9%1— 62. 
(Kyk op bladsy 15.vir Verduideliking van Verkortings.) 


'n Lêngtesnit van `n volwasse saadknop. Die streepstippels toon die 
verspreiding van” die. naluprlike kleurstof in die saadknop aan. `X 85. 


Die thalazale punt van 'n kiemsak met drie antipodale selle nadat die 
blomme 'n rukkie oop was. Zz. 'n groepie leë sellê teen die antipodale 


punt van die kiemsak. Die selwande kleur rooi met saffranien. `X 500. 


Die' toppunt van 'n volwasse kiemsak. Elke synergida het `n fibrillêre 
apparaat. X 385. 


'n Saadknop met kernkiemwit ongeveer twee maande nadat die blomme 
oop was. Die selkiemwit begin te vorm. Die buitevlies is verwyder. 
X. is die binnevlies plus die nucellus. `X 10. 


Die top van die kiemsak in fig. 60. `X 70. 


'n Deel van die sy van die saadknop in fig. 60. rz. plasmaryke selle 
in die nucellus teenaan die kutikula. `X 245. 
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Fig. 63. 
Fig. 64. 


Fig. 65. 


Fig. 66. 


LEUCADENDRON ARGENTEUM, R.Br. 
Figure 63— 66. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


'n Lengtesnit van 'n volwasse kiem. 14. 


'n Deel van die volwasse saad. a. vormlose oorblyfsel van die nucellus 
(plus kiemwit?); c. die vrugwand wat grens teen die buitenste laag 
(pal) van die buitehuid. Die kristallaag (die binnenste laag van die 
buitehuid) waarvan die selle ses maal langer is as dié van die buitenste 
laag, is nie ingeteken nie; pal. die buitenste sellaag van die buitehuid. 


X 230. 


Die basis van 'n saad. Die buitehuid is verwyder. hl. hals van chalaza; 
hs. kurkweefsel in chalaza; u.nuc. uitgeteerde nucellus. `X 75. 


Die wortelpunt van 'n volwasse kiem. `X 40. 
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DIE SAADKNOP EN EMBRIOLOGIE VAN LEUCOSPERMUM 
CONOCARPUM, R.Br. 
(with Summary in English). 
DEUR 


P. G. JORDAAN. 


Die kreupelhout (Leucospermum conoearpum) blom rondom Stellenbosch 
teen die end van September. Die blomdek bly net 'n paar dae vars nadat 
die blomme oopgegaan het. 'Twee tot drie maande nadat die blomme oopgegaan 
het, is die buitevlies bruin (of reeds swart) en steenhard en het die kiem sy 
volwasse grootte bereik. 


As die vrugte volwasse is, breek die hele bloeiwyse af en teen die end van 
Januarie 1ê daar talle van hierdie bloeiwyses onder die moederplante. In die 
bloeiwyses wat ondersoek is, het 0 persent tot 16 persent van die blomme 
normale vrugte gevorm. 


1—DIE' VOOR-ONTWIKKELING VAN DIE SAADKNOP. 


Die ontwikkeling van die saadknop totdat die blomme oopgaan kom in 
hoofsaak ooreen met dié van Leucadendron. (Vel fig. 1—#) 


2—DIE VOLWASSE SAADKNOP. 


Die volwasse saadknop (fig. 5) is ongeveer 1.8 mm. lank en bedek met twee 
duidelike saadknopvliese. Die saadknop is sittend en hemitroop met die mikropiel 
in die rigting van die blombodem en met 'n duidelike raphe. (Vel. fig. 4.) 


Die bou van die buitevlies en die binnevlies kom ooreen met dié van 
L. lanigerum. (Fig. 6) Die selle van die buitevlies is almal eenders, sonder 
vakuole en tot 'n mate teelvaardig. 


In die volwasse saadknop is die nucellus ongeveer 12 mm. lank, .6 mm. 
breed by sy basis, en .4 mm. breed op die hoogte van die top van die kiemsak. 
'n Dekweefsel is duidelik in die kerntepel te onderskei. (Fig. 5) Die 
dekweefsel is ongeveer 5 sellae in deursnee en ongeveer 5 sellae hoog. Die 
dekweefselselle is plasmaryk, reghoekig en ongeveer driemaal langer as breed met 
hul lang-asse ewewydig met die lang-as van die saadknop. 'Totdat die kiemsak 
die vierkernstadium bereik, is die dekweefselselle alleenlik te onderskei weens 
hul plasing in reëlmatige vertikale reekse. 


Die grootste deel van die nucellus bestaan uit betreklike groot, isodiametriese, 
parenchymatiese selle sonder intersellulêre ruimtes. Van die basis van die 
kiemsak tot die basaalweefsel strek 'n groep lang, reghoekige selle. Netolitzky 
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(1996, bls. 92) verwys na so 'n pilaar van selle in die nucellus as die ,,Steg.” 
'Teenaan die kiemsak eindig die ,,Steg” in 'n groep klein, veelkantige selle. 
Om die kiemsak is die selle ook nou en langwerpig. Om die basale sye van die 
kiemsak is die isodiametriese, parenchymatiese selle die grootste. In die rigting 
van die kerntepel asook in die rigting van die basaalweefsel word die selle kleiner 
en plasmaryker. Die plasmaryke selle is teelvaardig. Die selle teen die basaal- 
weefsel verdeel in alle rigtings en dié teen die kerntepel deur perikliniese 
verdelings. Die buitenste vyf of meer sellae van die nucellus bestaan uit 
reghoekige selle (fig. 6) wat in die bodeel van die saadknop nou is. Hierdic 
reghoekige selle is ook teelvaardig en deel op hul lang-asse. Die selle wat so 
gevorm word, word veelkantig en deel dan hoofsaaklik reghoekig met die lang-as 
van die saadknop. In die volwasse saadknop moet feitlik die hele nucellus dus 
as 'n kernmeristeem geinterpreteer word. Deur die werking van die kern- 
meristeem kan die nucellus in lengte en breedte toeneem. 


In die dekweefsel verdeel die selle nie met die gevolg dat die deel van die 
nucellus wat teen die dekweefsel grens, meer sellae hoog is as die dekweefsel 
en dat laasgenoemde se selle reghoekig geplaas is teen die omringende nucellus- 
selle. (Vel. fig. 10.) 


By die basis van die nucellus is gewoonlik 'n massiewe deel wat. sitologies 
en histologies verskil van die res van die saadknop, naamlik die basaalweefsel 
wat te voorskyn tree voordat die blomme oopgaan. Die selle is veelkantig en die 
meeste selwande is dik en feitlik kleurloos. Die selle het Of 'n wynrooi-gekleurde 
inhoud wat 'n homogene voorkoms het, Of hulle is sonder die gekleurde inhoud 
met klein korrels (of druppels) wat feitlik kleurloos is. Laasgenoemde selle 
(dié met die klein korrels) vorm meestal 'n wyk om die gekleurde selle. (Vgl. 
fig. 5.) Aangesien die grens tussen die nucellus en die chalaza `n denkbeeldige 
is, kan die basaalweefsel Of as `n deel van die nucellus Of as 'n deel van die 
chalaza Of as behorende tot albei gereken word. 


Die chalaza vorm `n hals tussen die buitevlies en die binnevlies. Die 
vaatbundel loop van die raphe deur hierdie hals en vertak dan by die basis 
van die basaalweefsel. Sommige van die takke ontstaan voordat die blomme 
oopgaan. Die takke eindig as. desmogeenbundels teen die basis van die 
binnevlies. 


In. die grondweefsel van die chalaza kom geisoleerde selle of groepe selle 
voor wat histologies en sitologies ooreenstem met die selle van die basaalweefsel. 


3—DIE VOOR-ONTWIKKELING VAN DIE KIEMSAK. 


Die makrospoor-moedersel (fig. 2) ontwikkel tot vier makrospore wat in 
'n reeks geplaas is. (Fig. 3) Drie van die makrospore gaan spoedig tot niet 
en een, vermoedelik die chalazale een, ontwikkel tot die kiemsak. Die kern van 
die funksionele makrospoor verdeel en die dogterkerns beweeg van mekaar af 
en elkeen deel weer om oorsprong te gee aan die vierkernige kiemsak. (Fig4) 
Nadat elke kern weer 'n keer gedeel het, migreer een kern van elke pool na 
die middel van die kiemsak. Die orige drie kerns in die mikropilêre punt 
van die kiemsak differensieer tot die eier-apparaat en die drie in die chalazale 
punt `tot die antipodes. Die antipodale punt van die kiemsak met die drie 
antipodale kerns word deur 'n selwand afgesnoer lank voordat die blomme 
oopgaan. (Fig. 8) 
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4—DIE VOLWASSE KIEMSAK. 


Die volwasse kiemsak (fig. 5) is van .68 tot .83 mm. breed in die middel. 
In die mikropilêre punt is twee groot langwerpige helpsters, elk ongeveer 69 mk. 
lank en elk met 'n duidelike fibrillêre apparaat. Die fibrillêre apparaat of 
, Fadenapparat” (Schnarf, 1929, bls. 185, en Schirhoff, 1926, bls. 292) kom voor 
in die top van elke synergida en bestaan uit fyn fibrille of vesels wat saamloop 
in die selplasma. As die blomme oopgaan, bestaan die fibrillêre apparaat alreeds 
en dit word meer prominent namate die blomme ouer word. (Vgl. fig. 7) 
Elke synergida het 'n prominente, langwerpige kern en 'n groot hoeveelheid 
selplasma wat na buite deur 'n membraan omring word. 'Teenaan die synergidae 
1ê 'n ronde of langwerpige eier wat 'n kern bevat wat omring word deur 'n 
betreklike groot hoeveelheid selplasma. Die eier is heelwat kleiner as die 
synergidae. (Fig. ".) 


Ongeveer in die middel van die kiemsak is twee polare kerns geleë. Elkeen 
bevat `n prominente nucleolus wat deur 'n betreklike wye band karioplasma 
omring word. Die twee kerns lê styf teen mekaar. 


Die chalazale punt van die kiemsak word ingeneem deur drie groot, 
plasmaryke antipodale selle. (Fig. 5.) Elke sel het een tot ses opvallende kerns 
wat elkeen een of meer prominente nucleoli bevat. Sover soos vasgestel kon word, 
ontstaan die kerns deur fragmentasie. Fragmentasie word voorafgegaan deur 
die vermeerdering van die nucleoli van 'n kern. 


Die antipodale selle 1ê los van mekaar en die selwande is baie dun. Wanneer 
die selkiemwit begin te vorm en wanneer die kiem alreeds .9 mm. lank is, 
bestaan die antipodale selle nog. 


5—DIE KIEMWIT. 


Na bevrugting neem die kiemsak uitermate toe in lengte en in breedte. 
Die toename in breedte oorweeg in die basale deel en die kiemsak word 
geleidelik wyer in die rigting van die chalaza. Soms bly die boonste helfte 
betreklik nou. 


Die kiemwit gaan eers deur 'n vrykernstadium. Enkele weke na bevrugting 
is die kiemsak groot en gevul met 'n vloeistof. In snitte van gefikseerde materiaal 
vorm die protoplasma van die kiemsak op hierdie stadium `n dun wandbeleg 
waarin talryke kerns betreklik yl versprei is. Die kerns is meestal rond behalwe 
in die chalazale deel van die kiemsak waar die meeste kerns spoelvormig is. 
Die kiem word in die mikropilêre punt van die kiemsak gevorm. Wanneer die 
kiem ongeveer 115 mk. lank is (fig. 9 en 10) word selwande in die nabyheid 
van die kiem in die kernkiemwit aangelê. (Fig. 11). Tussen twee aangrensende 
kerns ontstaan 'n kleurlose deel en in die middel van hierdie hyaloplasma word 
die selwand gevorm. (Fig. 10.) 

Die vorming van selwande in die kernkiemwit word voortgesit in die rigting 
van die chalaza sodat die hele kiemsak uitgeklee word met 'n wandbeleg van 


selkiemwit. Die selwande word laaste aangelê oor die pilaar (kyk later) van 
nucellusweefsel (fig. 17) waaroor die basis van die kiemsak as 't ware gespan is. 


Die kerns van die kiemwitselle verdeel mitoties en selwande word uit die 
kernplate gevorm. Deur die teelaktiwiteit van die kiemwitselle word die kiemsak 
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gevul met selkiemwit. Meestal bly 'n holte in die basale deel van die selkiemwit 
bestaan. (Vel. fig. 12.) 

Die selle van die kiemwit is parenchymaties, dunwandig en, terwyl die kiem 
nog jonk is, taamlik plasmaryk. Die meeste selle bevat net een ronde, plasmaryke 
kern en die kerns deel nie almal gelyktydig nie. Die deel van die kiemwit 
teen die kiemsakmembraan is die plasmarykste. In hierdie plasmaryke deel kan 
selwande nie altyd onderskei word nie. 

Namate die kiem ontwikkel, word die selkiemwit om die kiem geabsorbeer. 
Tussen die kiem en die kiemsakmembraan bly net 'n dun, plasmaryke lagie oor. 
(Vel. fig. 12) In hierdie lagie word vroeg reeds `n laag selle gevorm, maar die 
selwande bly so dun dat hul soms glad nie te onderskei is voordat die kiem 
volwasse is en die ander kiemwit geabsorbeer is nie. Die selle in hierdie lagie 
is kleiner en plasmaryker as die orige kiemwitselle. Wanneer die kiem sy 
volwasse grootte bereik en in die ryp sade is hierdie sellaag duidelik gedifferensieer 
(fig. 15 en 16) en vol reserwestowwe, o.a. eiwit. Hierdie sellulêre laag, wat op 
enkele plekke dubbel is, vorm `n wandbeleg vir die hele kiemsakmembraan — dit 
strek selfs oor die nucellêre pilaar — en is aan die basis van die kiemsak verbind 
met die oorblywende kiemwit tussen die kiemblare. 

Die ruimte tussen die adaxiale kante van die kiemblare is gevul met 
selkiemwit. 'Teenaan die adaxiale kante van die kiemblare 1ê `n kleurlose 
laag kiemwitselle met byna onsigbare selwande. Hierdie selle sorg vir `n organiese 
verbinding tussen die kiemwit en kiem. Wanneer die kiem sy volwasse grootte 
bereik het, is die selkiemwit, behalwe die bogenoemde sellulêre laag, uitgeteer 
en vorm 'n dun vlies tussen die kiemblare. (Fig. 14.) Die enkele selle wat soms 
in hierdie vlies onderskei kan word, is platgedruk. 


6—DIE KIEM. 


Die bou en ontwikkeling van die kiem (fig. 9—I12 en 14) kom in hoofsaak 
ooreen met dié van Leucadendron lanigerum. Die volwasse kiem is ongeveer 
7 mm. lank. Die wortelmus is plat en geen kaliptrogeen kan daarin onderskei word 
nie. Die selle van die pleroom van die kiemwortel bly almal naastenby eenders. 
In die volwasse en byna volwasse kiemwortel is die sentrale selle van die pleroom 
egter wyer en korter en bevat meer reserwestowwe as die selle in die buitenste 
deel. Die pleroom is dus gedifferensieer in 'n endisteem en `n desmogeensilinder. 
Die peribleem, en in `n mindere mate die endisteem, is die voorraadkamers van 
die kiemwortel. 

Wanneer die kiemblaar half-volwasse is, differensieer sy protomeristeem in 
'n peribleem en `n pleroom of desmogeenbundel. Die desmogeen is kontinu met 
die desmogeensilinder van die kiemwortel en is eers onvertak. Wanneer die 
kiemblare die volwasse toestand bereik, word die selle van die peribleem gepak 
met oliedruppels en eiwitkorrels. 

Die pluimpie is eers duidelik te onderskei kort voordat die kiem sy volwasse 
grootte ' bereik. Die volwasse pluimpie (fig. 14) bestaan uit 'n knop wat 
gedifferensieer is in 'n dermatogeen en protomeristeem. Die protomeristeem is 
aaneenlopend met die endisteem van die kiemwortel. 


71—DIE NUCELLUS NA BEVRUGTING. 


Reeds voor bevrugting word van die nucellusselle geabsorbeer deur die 
ontwikkelende kiemsak. Na bevrugting word die nucellus vinniger opgebruik. 
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Namate die nucellus geabsorbeer word, word sekondêre nucellus gevorm deur 
die buitenste lae en in die basis van die nucellus. Die meristematiese aktiwiteit 
bly die langste in die basis en basale sye van die nucellus bestaan. 


Die nucellus hou tred met die toename in grootte van die saadknop deur 
die bogenoemde sekondêre groei en deur die toename in grootte van die 
primêre en sekondêre nucellusselle. Rondom die kiemsak neem die selle in 
alle rigtings in grootte toe, terwyl die selle in die oppervlakkige lae by uitstek in 
lengte toeneem. 


Die nucellus verdwyn eerste by die top van die kiemsak en verdwyn dan in 
die rigting van die chalaza. Die deel van die nucellus tussen die kiemsak en 
die basaalweefsel bly bestaan, maar die kiemsak groei om hierdie deel en 
absorbeer die omliggende nucellus sodat die genoemde deel as 'n pilaar oorbly. 
Dit is die nucelluspilaar. (Fig. 17.) Soos die saadknop groei, verleng die 
lang selle in die pilaar. Eers as die kiem volwasse raak, word die pilaar 
gedeeltelik geabsorbeer. 


Die isodiametriese nucellusselle word eerste geabsorbeer. Wanneer die kiem 
1.6 mm. lank is en die kiemwitselle almal gevorm is, is hierdie deel van die 
nucellus geabsorbeer. (Vel. fig. 13.) Wanneer die laaste van hierdie selle in die 
basis van die nucellus geabsorbeer word, begin die lang plasmaryke selle in 
die oppervlakte van die nucellus vanaf die mikropiel in die rigting van die 
chalaza uit te teer. Wanneer die kiem volwasse is, is al die nucellus geabsorbeer 
behalwe `n deel van die nucelluspilaar, `n paar lae selle in die basale sye van die 
saadknop (fie. 15) en enkele lae teen die chalaza. (Fig. 16.) Die oorblywende 
nucellusselle is almal uitgeteer. 


Die kerntepel word baie stadig geabsorbeer. Na bevrugting verleng die selle 
van die buitenste sellaag van die dekweefsel en word hul oppervlakkige kante 
afgerond. (Vgl. fig. 10.) Hierdie palissade selle bly bestaan totdat die kiem 
volwasse is en is dié deel van die kerntepel wat die langste bestaan. Die res van 
die dekweefsel is na bevrugting nouliks te onderskei. 


8—DIE SAADHUID. 


Die buitevlies lewer die prominenste deel van die saadhuid. Na die saadknop 
die volwasse stadium bereik het, begin die selle in die twee lae van die buitevlies 
te differensieer. In beide lae word die selle langer reghoekig met die lang-as 
van die saadknop. Die selle van die binnenste laag verleng vinniger sodat hulle 
spoedig baie langer is as dié van die buitenste laag en 'n uitgesproke palissade 
vorm ontwikkel. In beide lae is die selle plasmaryk. Wanneer die binnenste 
laag hierdie differensiasie ondergaan, 1ê die kerns in die punte wat na buite wys 
saam met een of meer kristalle. (Fig. 18.) Hierdie laag is die kristallaag 
(Netolitzky, 1926, bls. 15). Die differensiasie begin in die basis van die buitevlies 
en word dan vinnig voortgesit in die rigting van die exostomium. 


Aan die kant van die nael waar die buitevlies verskeie sellae dik is, vind 
die verandering ook aanvanklik in albei oppervlakkige lae plaas. In die saadnerf 
word egter net die binnenste laag gewysig. Waar die buitevlies drie sellae 
dik is, bly die sentrale laag selle isodiametries. 


Die buitenste laag verander ook namate die binnenste laag verder ontwikkel. 
In die volwasse saad is dit beswaarlik te onderskei van die binnenste laag (lae) 
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van die vrugwand. Gedurende die verdere ontwikkeling van die binnenste laag 
(die palissade-laag of kristallaag) verskuif die kerns na die' punte wat in die 
rigting van die nucellus wys. Die kristalle behou hul posisie. Die laag ontwikkel 
tot 'n klipharde laag waarin die selle nie onderskei kan word nie. `Die selle 
bereik hul volwasse grootte (fig. 18) as die kiem ongeveer .9 mm. lank is. 
Die volwasse selle is 300—370 mk. lank. Wanneer die selle hierdie grootte bereik, 
is die selle van die buitenste laag nog plasmaryk. 


Namate hierdie veranderings geskied, verleng die buitevlies en die rand 
stoot verby die endostomium sodat die exostomium nou bo-op, en nie meer om, 
die endostomium 1ê. (Fig. 11.) Die exostomium lei tot `n exostoomkanaal wat 
kort na sy ontstaan gesluit is. Net die palissade-laag neem deel aan hierdie 
sluiting van die exostoomkanaal. In fig. 11 is die exostomium nog oop. 


Die binnevlies begin te verdwyn wanneer die kernkiemwit aan die vorm is. 
Die verwording begin by die basis van die endostomium (vgl. fig. 10) en word 
dan ip die rigting van die chalaza voortgesit. Namate die selle verword, word 
'n kutikula in die binnenste opperhuid van die binnevlies duidelik. Die kutikula 
kan mettertyd gevolg word tot by die binnenste basis van die binnevlies. 
A1 wat oorbly van die selle van die binnevlies is `n vormlose vlies. teen die 
kutikula. In die basis en in die top van die vlies bly ook 'n aantal selle bestaan. 


Terwyl die kutikula chalazaalwaarts ontwikkel, ontwikkel dit ook in die 
endostoomkanaal wat na bevrugting gesluit is. Die selle om die endostoomkanaal 
bly bestaan en bly dunwandig en lewendig tot wanneer die kiem volwasse is. 


In die volwasse saad lê die kiemwitlaag styf teen die kutikula of word daarvan 
geskei deur die oorblyfsel van die nucellus. Die kiemwitlaag, die res van die 
nucellus, die kutikula en die vormlose oorblyfsel van die binnevlies lê so styf 
teen mekaar dat hul gesamentlik 'n eenheid, die binnehuid van die saad, vorm. 
Die kutikula is nie opvallend dik in die volwasse saad nie. (Vel. fig. 15.) 


Na bevrugting verloor al die selle in die basaalweefsel hul kleurvermoë 
en bevat die selle klein korrels (of druppels). Die selwande ondergaan geen 
verdere verandering totdat die kiem volwasse is nie. Nadat die selkiemwit begin 
te vorm, kan die basaalweefsel beswaarlik van die parenchymatiese weefsel 
van die chalaza onderskei word. (Vel. fig. 9 en 17) 


In die na-bevrugtingstadia van die saadknop kan drie wyke duidelik in die 
chalaza onderskei word, nl. die binnevlieswyk, die buitevlieswyk en die hals. 
EIE) 


Deur die hals loop 'n vaatbundel wat deur parenchymatiese weefsel omring 
word. In die binnevlieswyk van die chalaza vertak die vaatbundel (fig. 17) 
en die verskillende takke loop tot in die basis van die binnevlies tot op die 
hoogte waar sy binnenste sellaag en die buitenste sellaag van die nucellus 
inmekaar loop. Die nucellus is chalazaalwaarts van hierdie grens ME nog 
duidelik te onderskei van die binnevlies. 


Die raphe is voorsien van 'n vaatbundel wat in die buitenste deel van die 
raphe verloop (fig. 17) en wat die saadknop deur die nael, wat lank en teen die 
middel van die saadknop is, verlaat. By Leucospermum conocarpum vertak die 
vaatbundel in die naelwyk en een tak verloop mikropielwaarts in die dikdeel 
van die buitevlies wat teen die nael grens. (Fig. 11) 'Tracheiede ontwikkel 
in laasgenoemde bundel nog voordat die kiemdele uitgedifferensieer is. 
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In die volwasse saadknop is die binnenste opperhuid van die buitevlies en 
die buitenste opperhuid van die binnevlies kontinu om die hals van die saadknop. 
Wanneer die binnenste opperhuid van die buitevlies tot 'n palissade-laag verander, 
verander die selle van die buitenste opperhuid in die basis van die binnevlies ook 
tot palissade-selle. (Fig. 17.) Deur die ontwikkeling van die palissade-selle 
word die hals gestrek en prominent. Die palissade-selle van die binnevlies is 
ook blywend. Na die kiem volwasse is, verkurk byna al die parenchymatiese 
weefsel in die chalaza. Die basaalweefsel vorm 'n deel van hierdie kurkweefsel. 
Die lewende selle wat nie verkurk nie, teer uit en word platgedruk. (Vgl. fg. 16.) 


CONCLUSTONS AND SUMMARY. 
(LEUCOSPERMUM CONOCARPUM.) 


The embryo-sac of Leucospermum conocarpum conforms to the normal type. 
(CT. Schnarf, 1936, and Maheshwari, 1937.) The ovule, embryo and seed have the 
following features in common with the species examined of Leucadendron 
(Jordaan, 1945):—(1) the “kerntepel” (nucellar cap) is 2—$8 (plus-minus 5) 
layers of cells in height, (2) in the full-grown ovule the whole of the nucellus is 
meristematic, (3) the inner integument is 38—4 layers of cells in diameter, (4) 
after fertilisation the inner layer (kristallaag) of the inner integument contains 
Crystals and forms a well-defined palisade layer, (5) the outer integument is 
two layers of cells in diameter, (6) a “ basaalweefsel” is present, (7) in the 
seed and its developmental stages a neck can be distinguished in the chalaza. 


L. conocarpum also has the following characters in common with Leuca- 
dendron argenteum.:—(a) a. “basaalweefsel” ' before and after fertilisation, 
(b) no “topweefsel,” '(c) a $fliform apparatus (fibrillêre apparaat) in each 
synergida,. (4) a cellular layer of endosperm surrounding ihe mature embryo. 
L. conocarpum differs from the species of Leucadendron which were examined 
in the following respects:—(a) the palisade cells of. the crystal layer (kristallaag) 
are 300—400 mk. long, (b) the prominent antipodal cells are free and multinuclear. 
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Fig. 1. 


Fig. 2. 


Fig. 3. 


Fig. d. 


LEUCOSPERMUM CONOCARPUM, R.Br. 
Figure 1—4. 
(Kyk op bladsy 14 vir Verduideliking van Verkortings.) 


Die aanleg van 'n saadknop (a.sk.). Bloeiwysknop 8.8 cm. lank. (Die 
pyltjie van die byskrif v. is in die basis van die vrugblaar.) `X 70. 


'n Lengtesnit deur 'n jong saadknop kort nadat die saadknopvliese 
aangelê is. Blomme 8 mm. lank. `X 110. 


'n Deel van `n jong saadknop met vier makrospore. Let op die reëlmatige 
rangskikking van die selle tussen die kiemsak en die spits van die 
nucellus. Blomme 13 cm. lank. 7. die punt waar die binnenste laag 
van die binnevlies en die buitenste laag van die nucellus inmekaar 100p. 
X 9260. 


'n Jong saadknop met 'n vierkern-kiemsak. Blomme 2.5 cm. lank. 
0. gekleurde dele in die saadknop. X 80. 


Fig! 5. 


Fig. 6. 


Fig. 7. 


Fig. 8. 


LEUCOSPERMUM CONOCARPUM, R.Br. 
Figure 5—8. 
(Kyk op bladsy 14 vir Verduideliking van Verkortings) 


'n Lengtesnit van 'n volwasse saadknop met 'n volwasse kiemsak. 
a.s. twee van die antipodale selle, elk met verskeie kerns; oo. gekleurde 
selle in die chalaza buitekant die basaalweefsel (bw.). Die selle in die 
middel van die basaalweefsel het 'n wynrooi inhoud. Die res bevat klein 
korrels. 48. 


'n Deel van 'n volwasse saadknop uit die omgewing waar die buitenste 
sellaag van die nucellus (b.nuc.) en die binnenste sellaag van die 
binnevlies inmekaar loop (by 2). N 460. 


Die toppunt van 'n volwasse kiemsak met 'n eier-apparaat. f.a. fibrillêre 
apparaat van 'n synergida. Die blomdek is al aan die verdroog. `X 500. 


Die onderpunt van 'n jong agkern-kiemsak met 'n antipodale apparaat 
(ak) met. drie kerns. Die bloeiwysknop is 2.5 cm. en. die saadknop 
52 mm. lank. 400. 
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LEUCOSPERMUM CONOCARPUM, R.Br. 
Figure 9— 13. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings) 


se 


'n Saadknop waarvan die buitevlies verwyder is en waarin die kern- 
kiemwit 'n dun lagie teen die &iemsakwand vorm. Die selkiemwit (skw.) 
begin te vorm. b.ev. basis van die binnevlies. X 90. 


Die top van die saadknop wat in fig. 9 geteken is. o.dw. oorblyfsel van 
die dekweefsel nadat dit gedeeltelik deur die stuifmeelbuis (sb.) verniel 
je sd 200: 


Die top van 'n saadknop wat effens ouer is as die wat in fig. 9 geteken is. 
vb. `n vaatbundel in die deel van die buitevlies tussen die exostoom en 
die nael. X d. 


Die boonste twee-derdes van 'n kiemsak met 'n kiem. Die basis van die 
kiemsak is ook gevul met selkiemwit. `C 10. 


'n Deel van die saadknopvliese naby die top van die kiemsak. Die 
saadknop bevat 'n kiem wat .9 mm. lank is. `X 60. 
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Fig. 


Fig. 


Fig. 


Fig. 


14. 


15. 


16. 


17. 


LEUCOSPERMUM CONOCARPUM, R.Br. 
Figure i4— 17. 
(Kyk op bladsy 15 vir Verduideliking van Verkortings.) 


Die volwasse kiem en die binnevlieswyk van die chalaza. hs. kurkweefsel 
in die chalaza. me 1a 


'n Deel van die wand naby die saadbasis van die saad in fig. 14. 
nuc. uitgeteerde nucellus. X 9200. 


'n Deel van die saadbasis van die saad in fig. 14. hs. kurkweefsel: 
u.ch. uitgeteerde en nie-verkurkte selle van die chalaza. `C 100. 


Die chalaza van 'n saadknop waarin die kiem .9 mm. lank is. b.ch. die 
binnevlieswyk van die chalaza; h. ch. hals van chalaza; vb. vaatbundel 
in die raphe; z. 'n staaf van die nucellus (nucelluspilaar) wat cp 
hierdie tydstip bestaan. `X 30. 
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DIE ONTOGENESE VAN DIE 
 DESMOGNATE” 
MONDDAKTIPE BY ANAS 


deur 


P. ] SWART MSc 


ZUSAMMENFASSUNG 


Die Arbeit behandelt die Kinese des desmognathischen Munddaches des 
Vogelsch#dels im Anschluss an die bekannten Versluijs'schen Arbeiten (ber 
die Sch&delkinese im Allgemeinen. Das Hauptergebnis ist die in der Ontogenese 
des Entenschidels immer fortschreitende Unterbrechung des Interorbital- 
septums zwecks Hebung des Schnabels beim Verschieben des Palatoguadrats. 
Im 'iibrigen werden die Zusammensetzung des desmognatischen Bandes beim 
erwachsenen Munddach und ihr Einfiuss auf die Schnabelmechanik untersucht. 
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OD HISTORIESE INLEIDING EN PROBLEEMSTELLING 


Die baanbrekers op die gebied van die navorsing aangaande die morfologie 
van die monddak van voëls was W. K. Parker (1862), Huxley (1867), M. Fiirbringer 
(1888), T. J. Parker (1888) en Pycraft (1900). Hulle werk het hoofsaaklik oor die 
anatomie en algemene topografie van die monddak by volwasse voëls gegaan, 
maar aan die meganiek van die verskillende monddaktipes het hulle geen 
aandag gegee nie. Die werk van Versluijs oor die skedelkinese het eers in 1912 
verskyn. Die hoofdoel van die vroeër ondersoekers met die studie van die 
morfologie van die -monddak was om 'n basis te vind vir die breër taksonomie - 
van die voëls, en aangesien die ,Ratitae” (Huxley) destyds as die primitiefste: 
voëls beskou is, was die belangstelling veral op hulle toegespits. 

Die kinese van die skedels van die ,Ratitae” is betreklik beperk, daarom het 
hulle kinese blykbaar geen aandag geniet nie. Vir die ,Carinatae” (Huxley) is 
die kinese egter baie belangrik, aangesien dit by hul `n baie groter rol speel. 

Die doelstelling van hierdie werk is om die anatomiese en funksionele 
veranderings in die monddak van die desmognate tipe gedurende die ontogenie, 
asook die histologiese verhoudinge van die betrokke skedeleenhede vas te stel, 
aangesien hieraangaande geen gegewens in die geraadpleegde literatuur gevind 
is nie. Onder die ,,Oarinatae”. (met uitsondering van die papegaaie) is die 
kinese die beste ontwikkel by die ,Desmognathae”, daarom is die genus Anas as 
navorsingsobjek gekies, temeer omdat ontogenetiese materiaal van dié genus 
maklik verkrygbaar is. 

Huxley het in 1867 'n indeling van die verskillende monddaktipes van voëls 
opgestel. Onder die ,Ratitae” het hy al die ,,volstruis”?-agtige, en onder die 
,Carinatae” die res ' van die voëls saamgevat. Hy het die Crypturi as 
-Dromaeognathae” beskou en onder die ,,Carinatae” geplaas. W. K. Parker het 
reeds in 1862 tot die gevolgtrekking gekom dat die Crypturi by die ,Ratitae” 
tuishoort; later het Craigie (1940) wat die cerebrum, en prof. De Villiers, wat die 
morfologie van die monddak ondersoek het, Parker se gevolgtrekkings onder- 
steun. Aangesien Huxley die Crypturi foutief geklassifiseer het, vervang Pycraft 
(1900) die uitdrukking ,,Ratitae” en .,Oarinatae” onderskeidelik met 
sPalaeognathae” en ,Neognathae”. Prof. De Villiers gee 'n volledige uiteensetting 
van die ,,Ratitae”-vraagstukke in sy verhandeling oor die Crypturi. 

Huxley het die ,,Oarinatae” in ,Schizognathae”, ,Desmognathae” en 
,Aegithognathae” verdeel. Daar Anas onder Huxzley se ,Desmognathae” val, 
word sy oorspronklike definisie van hierdie ,Formenkreis” hiermee gesiteer: ,In 
these birds the vomer is often either abortive,or so small that it disappears. 
from the skeleton. 'When it exists it is always slender and tapers to a point 
anteriorly. 'The Maxillo-palatines are united across the middle line, either 
directly or by the intermediation of ossifications in the nasal septum. . The 
posterior ends of the palatines and the anterior ends of the pterygoids articulate 
directly with the rostrum”. 

W. K. Parker (1875) verdeel die desmognate tipe in vyf onderafdelings: 


(a) Die direkte, Anseres en Falconidae, waar die twee processtis maxzillo- 
palatini verenig in die middellyn. 'Twee tipes kan hier onderskei word: 
(i) Die valke waarby die neusseptum versmelt is met die harde verhemelte, 
(ii) by die Anseres waar die neusseptum los bly. 
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(b) Die indirekte. Dit is baie algemeen en die beste te sien by arende, 
aasvoëls en uile. Hier is daar 'n ankylose tussen die binnerand van die processus 
maxillo-palatinus en die neusseptum, terwyl die uitsteeksels mediaan deur 'n 
gaping geskei word. 

(c) Die onvolmaak-direkte. Die twee processis maxillo-palatini is hier in 
naatverbinding en nie deur synostose nie (Cariamae, bv. Dicholophus cristatus). 


(d) Die onvolmaak-indirekte. Die twee processtis maxillo-palatini in sterk 
naatverbinding met die ,median septo-maxillary”, geen onderlinge versmelting 
van die processtis vind plaas nie (Capitonidae en Megalaema asiatica). 

Volgens Parker (1875) is by Megalaema ,five vomerine bones, two vomerine 
moieties, forming a most elegant Y-shaped bone, a pair of septo-maxillaries, 
and a median piece”, aanwesig. Die paar septo-maxillaria is agter, aan 
weerskante van die vomef; en die ,median septo-mazsillary” voor tussen die 
twee processts maxillo-palatine geleë, om sodoende die onvolmaak-indirekte 
desmognathe toestand te bewerkstellig. Die ,median sépto-maxillary” van 
Parker is blykbaar 'n verbeende ,,paraseptale 2”; sien afdeling (e). 


(2) MATERIAAL EN TEGNIEK 


Snitserieë is gemaak van 16 en 23 dae oud embrios en van 'n 6 dae oud 
kuiken. Die matériaal is gefikseer in sublimaat-ysasynsuur. 'n Gaatjie is dorsaal 
in die skedeldak gemaak sodat die vloeistowwe beter kan deurdring na die brein. 
Ontkalking: Ebner se oplossing; ontsuring in 5% oplossing van Na,SO,; 
kernkleuring in Grenacher se borakskarmynoplossing; kontrakleuring in Azaan. 
Die verkreë resultate was deurgaans uitstekend. Dit was nodig om die voorste 
punt van die snawel te verwyder, daar die eier-,tand” te hard was om te sny. 
Snitdikte: embrios, 20u; 6 dae kuiken, 30u. Vir grafiese” rekonstruksies is 
tekeninge gemaak met die ,Panphot”-mikroskoop. 

Ek wil van die geleentheid gebruik maak om my innige erkentlikheid aan - 
prof. dr. C. G. $. de Villiers te betuig vir sy leiding en kritiek. 


(3) EIE ONDERSOEKINGS. 


(a) `n Topografiese beskrywing van die beenbestanddele van die bek, en die 
meganiese bewegings gepaard gaande met die kinese 


Nadat die m. depressor mandibulae saamgetrek het om die bek oop te maak, 
maar sonder om 'n posisieverandering van die kwadraat te veroorsaak, trek die 
 m. protractor duadrati saam, wat 'n na-vore-gerigte verskuiwing van die ventrale 
gedeelte van die kwadraat veroorsaak. Die m. orbitoguadratus strek vanaf die 
processus orbitalis van die kwadraat na die interorbitaalseptum. Die m. protractor 
pterygoidei (fig. 7, ppt) bevorder die verskuiwing, daar dit skuins aangeheg is 
tussen die pterygoied en die interorbitaalseptum. Die verhemelte en temporaal- 
boë voer dieselfde bewegings uit, en daar hul agter ventraal aan die masxillare 
geheg is, sal hul 'n dorsale verskuiwing van die snawel veroorsaak. 

Deur middel van die basipterygoiedgewrig word die mediaal na-vore-gerigte 
beweging van die pterygoied verander in 'n antero-dorsale. Sover laasgenoemde 
die pterygoied aangaan, word dit veroorsaak deurdat die verloop van die 
artikulasievlak van die processus basipterygoideus effens skuins geleë is. 
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Die bewegings wat die pterygoied dus gaan uitvoer teenoor die kwadraat sal 
van `n ingewikkelde aard wees, en daarom word 'n bal-en-potjiegewrig tussen 
die pterygoied en kwadraat aangetref. As gevolg van die voorwaartse en dorsale 
beweging van die pterygoied sal, soos te wagte is, 'n skarnier-gewrig tussen die 
pterygoied en palatinum moet bestaan, wat trouens ook die geval blyk te wees. 

Tussen die twee gewrigsvlakke: een lateraal op die rostrum of Sogenaamde 

 processus basipterygoideus, en die ander mediaan op die pterygoied, word daar 
twee meniscuskraakbeenskyfies gevind, wat nie met die meniscus pterygoideus 
van die Lacertilia kan gehomologiseer word nie, daar die basipterygoiedgewrig 
'n sekondêre is. De Beer en Barrington (1934) beskryf toestande in hulle 
stadium 4 as volg: ,A band of procartilaginous tissue, staining faintly with 
Victoria blue, is discernible stretching between the polar cartilage and the 
Auadrate on each side. 'This cannot be anything other than the vestige of the 
basal articulation between the mandibular arch and the neurocranium, ie, 
between the basal process of the former and the basitrabecular process of the 
latter.” Bogenoemde bewering is van baie groot belang, daar die basitrabekulaar- 
uitsteeksel vroeër gehomologiseer is met die infrapolaaruitsteeksel, wat 'n na 
agtertoe gerigte uitsteeksel van die ondervlak van die poolkraakbeen is. De Beer 
vind die infrapolaaruitsteeksel by 'sy stadium 6 nadat die werklike basipterygoied- 
uitsteeksel al verdwyn het. 

Net agter die voorste punt van die parasphenoied kom die dorsale rand van 
die vomer baie na aan die rostrum, maar bly daarvan geskei deur die twee 
uitsteeksels wat die palatinum langs die dorsale oppervlakte van die vomer . 
afgee. 'W. K. Parker (1875) noem dié uitsteeksel die ,ethmopalatine plates”, en. 
ek wil hul met dieselfde naam aandui. Na agter, waar die processis ethmopalatini 
verenig met die palatinum, word laasgenoemde geskei van die rostrum deur 'n 
splinteragtige verlenging van die pterygoied, wat geleë is in 'n dorsale groef van 
die palatinum. Die processis ethmopalatini word van die rostrum geskei deur 
los bindweefsel, terwyl daar tussen die splinteragtige verlenging van die 
pterygoied en rostrum 'n synoviaalholte is. Afgesien van die. basipterygoiedgewrig 
is bogenoemde verhouding die enigste wat daar tussen die palatoguadratum en 
die rostrum bestaan. 

Volgens Pycraft is 'n punt van verskil tussen -. die .,palaeognathe” en 
,neognathe” monddaktipes dat by laasgenoemdes daar geen kontak tussen die 
pterygoied en vomer ontstaan nie, daar die palatina mediaanwaarts roteer om 
mediaan kontak `te verkry en sodoende die vomer vorentoe te stoot. By die 
,Ratitae” is die palatina wyd uitmekaar gedruk deur die gesplitste agterent van 
die vomer. Hoe die moontlike beweging kon geskied het, sodat die karinate- 
toestand kon ontstaan, word getoon deur Rhea en die Crypturi. (Gepaard met 
die mediaanwaartse beweging van die palatina kom hierdie bene onder die 
pterygoiede te lê. Pycraft (1898—1901) vestig die aandag op die volgende: ,In 
the young birds the pterygoid extends forwards in a spike-like form, much as 
Rhea, so as to articulate with the vomer, though by the slightest contact. 'The 
palatines have succeeded in moving inwards beneath these anterior pterygoid 
ends so as to all but entirely sever the original relations between them and 
the vomer”. In die 16 `dae-embrio van Anas sou dit moontlik gewees het vir 
die vomer om kantak te verkry met die pterygoied (fig. 6, v. pt., daar die 
palatina nog nie ver genoeg mediaanwaarts gesprei het nie; maar bogenoemde 
kontak word verhinder deurdat die voorste ent van die pterygoied en die 
agterste van die vomer nie binne bereik van mekaar kom nie. In die 28 dae- 
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embrio (fig. 7) gryp die agterste ent van die vomer (v) en die voorste van die 
pterygoied (pt) oormekaar, maar nou word kontak tussen hulle uitgeskakel 
deurdat die palatina mediaan teenmekaar stoot. i 

Pycraft wys verder daarop dat die voorste ent van die pterygoied afbreek 
op 'n plek ooreenstemmend met die agterpunt van die palatinum. Die voorste 
gedeelte van die pterygoied vorm dan die sogenaamde ,mesopterygoid” van 
Parker of ,hemipterygoid” van Pycraft wat dan met die palatinum versmelt. By 
Anas is die skeiding tussen die pterygoied en vomer nie soos Pycraft vir die 
Carinatae beweer het, 'n coenogenetiese nie, maar inderdaad `n palingenetiese. 

Waar die palatinum agter aan die snawel aangeheg is, is dit horisontaal 
afgeplat, sodat die nodige buiging hier kan plaasvind. Soos dié na vore strek, 
word dit eers latero-ventraal oordak deur die processus zygomaticus ossis 
maxillaris om dan voor te eindig tussen die maxillare dorsaal en die pars 
palatalis ossis praemaxillaris ventraal. 

Die vomer: 'n dun, horisontale, benige plaat vergesel passief die voorwaartse 
peweging van die palatoduadratum en neem dus geen aandeel in die in-funksie- 
treding van die kinese nie. Die vomer is stewig aangeheg deur bindweefsel aan 
die processtis ethmopalatini wat die vomer vir twee-derdes van sy lengte na 
vorentoe vergesel. Voor is die vomer dorsaal van die processus masxillo-palatinus 
verleng, maar bly geskeiéë van eersgenoemde deur ,,paraseptale 2” van De 
Villiers (fig. 3). In die 23 dae-embrio is daar 'n duidelike synoviaalholte (s.) 
tussen vomer en paraseptale 2 wat die glybeweging van die vomer vergemaklik. 

Die aegithognate en schizognate verhemelte-tipes is net modifikasies van die 
ratitetoestand, terwyl die desmognate 'n verdere omvorming van die 
schizognate is. In die 16 dae-embrio is die processOs maxillo-palatini nie in 
kontak met mekaar nie, maar word geskei deur bindweefsel (fig. 5 pmx.). By die 
23 dae-embrio is die verbinding tussen die twee processtis maxillo-palatini 'n 
baie hegte, en wel in die vorm van 'n swaelstert-voeg wat dus die verhemelte 
baie stewiger maak. Die toestande in die embrios-bewys dus die stelling dat die 
desmognate verhemelte-tipe 'n verdere omvorming van die schizognate tipe is. 

Die buiging aan die basis van die snawel (fig. 8) is net geleë in die pars 
frontalis ossis praemaxillaris en in die nasale. 'Te oordeel na die topografiese 
verhoudings van die bene in die embrios is dit duidelik dat die frontale nie 
geaffekteer word deur die buiging nie, en verder is die frontale stewig deur 
middel ' van bindweefsel aangeheg aan die lacrimale. In die embrios is 
laasgenoemde been effens vorentoe, mediaan van die nasale verleng, maar by 
die volwasse skedel hoegenaamd nie, omdat die verbinding hier in die vorm 
van 'n V is met 'n vorentoe gerigte apeks. As die buiging plaasvind, sal die 
bindweefsel wat .ventraal in die V geleë is, moet rek, om sodoende oormatige 
buiging te voorkom. Die enigste tekens in die embrios aanwesig van die 
buigingslyn in die benige bestanddele van die snaweldak is die aanwesigheid 
van 'n horisontale afplatting. (Verg. fig. 3 met fig. 4) 


(b) Toestande in die 16 dae-embrio 


De Beer (op. cit) vind die processus praenasalis by die 4 dae-stadium in 
die vorm van `n na vore gerigte verlenging van die neusseptum. Dit is 'n 
struktuur wat in verband met die trabekels verkraakbeen en dus nie uit 'n 
afsonderlike verkraakbeningsentrum ontstaan nie. By die 16 dae-embrio (fig. 1) 
is die praemaxillare lateraal van die processus praenasalis geleë. Die 
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FiG. la: Anas. (Grafiese rekonstruksie van die neuskapsel van 'n 16 dae-embrio, 
laterale aansig. Xx 22. 


agu — agterste geleë uitsteeksel; att — atrio-turbinale; cu — cupula; fsnp — 
fenestra septi nasi posterior; sl — gleuf, p?2 — cartilago paraseptalis; ppn — 
processus praenasalis; sl — skeidingslyn tussen processus praenasalis en septum 
nasi; sn — septum nasi; veu — voorste geleë uitsteeksel; v — vomer. 


praemasxillare word dorsaal geskei deur bindweefsel wat vanaf die processus 
praenasalis strek. Die cupula (fig. 1.cu.) ontstaan lateraal van die pr. praenasalis 
waarmee die cupula versmelt om dan die voorste begrensing van die fenestra 
narina externa te vorm. Soos die cupula na agter strek, bly dit parallel met die 
ventrale rand van die neusseptum waarmee dit verbind is deur `n digte bind- 
weefselstrook. Tn die 16 dae-embrio is die agterend van die cupula verbind 
(fig. 1) deur middel van 'n laag digte bindweefsel met 'n na vore gerigte 
uitsteeksel (v.e.u.), geleë naby die agterend van die atrioturbinale (att.). Die 
na vore gerigte uitsteeksel ontstaan uit die neusseptum naby sy ventrale rand. 
De Beer en Barrington teken (14 dae-stadium) 'n groot fenestra septi nasi 
anterior; my materiaal toon dit egter veel kleiner. Die processus .praenasalis 
word na agtertoe verleng ventraal van die neusseptum, maar bly in kontak 
daarmee, soos aangetoon in fig. 1 (s1). Die processus praenasalis by De Beer se 
74 dae-stadium is alreeds histologies ver ontwikkel, en gevolglik is dit reeds 
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duidelik te onderskei van skeletstukke wat op hierdie stadium nog voorkraak- 
benig is. In die 16 dae-embrio is die processus praenasalis histologies ook nog 
duidelik te onderskei, daar die kraakbeenmatrix daarvan. baie beter ontwikkel 
is as die res van die kraakbenige neuskapsel. 

Agter die reeds genoemde uitsteeksel naamlik dié wat deur middel van 
bindweefsel met die cupula verbind is (v.g.u.), word daar 'n tweede paar 
voorkraakbenige uitsteekseltjies (a.s.u.) gevind wat derivate is van die neus- 
septum. Soos die rami mediales nasi na vore verloop, oordek dié uitsteeksels 
hul lateraal, terwyl die twee senuweetakke mediaan geskei word deur die 
processus praenasalis. Na agter, mediaan van die twee uitsteeksels, begin die 
onderbreking in die neusseptum wat die fenestra septi nasi posterior (fig. 1a, 
fs.n.p.) vorm. By die 16 dae-embrio is die ventrale begrensing van die fenestra 
nog volledig, en besonders interessant is dat die begrensing gevorm word deur 
die agterwaartse verlenging van die processus praenasalis. Bogenoemde is nie 
net 'n gevolgtrekking gebaseer op my eie serie nie; De Beer en Barrington se 
teorie hieromtrent is: ,This process arises, not from the anterior end of the 
nasal capsule, but from its ventral surface, some little distance behind its 


] 


fsnp 


id 


v ' mt p2 PPn vgu CU 


F1G. 1b: Anas. Grafies-topografiese rekonstruksie van die neuskapsel van 'n 16 dae- 
embrio, laterale aansig. x 22. 
Cpt — cartilago parietotectalis; mt — mesoturbinale. “Vir orige afkortings 
sien fig. 1a. 
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anterior end. Strictly speaking, the structure which forms the 'ventral border 
to the foramina in the nasal septum (f.s.n.a., f.s.n.p.) and which is regarded as 
the ventral part of the nasal septum itself, should he regarded as the base of the 
prenasal process. (Consedguently, as it extends forwards, this basal. portion of 
the prenasal process is morphologically ventral to the floor of the anterior part 
of the nasal capsule, represented by the ridge above mentioned, and the small 
cartilaginous processes”. Bogenoemde verhoudings van die processus praenasalis, 
soos deur De Beer beskryf, is baie belangrik vir die toestand in die 23 dae- 
embrio. Ek stem saam met De Beer dat die agterste uitsteeksel (a.g.u.) gevorm 
word deur die ventrale rand van die neusseptum, maar verskil van hom wat die 
oorsprong van die voorste uitsteeksel betref (v.g.u.), daar laasgenoemde duidelik 
deur die processus praenasalis gevorm word (fige. 1a en 2a). 


(ce) Toestande by die 23 dae-embrio 


In dié embrio (fig. 2a en b) is die cupula (cu) verleng na agtertoe en in 
kontak met die mediaan-dorsale vlak van die masxillare, en terselfdertyd is daar 


FIG. 9a: Anas. Grafiese rekonstruksie van die neuskapsel van `n 23 dae-embrio, laterale 
aansig. X11. - 
fef — foramen cranio-faciale; p — parasphenoied; rppi-— resterende processus 
praenasalis 1; rpp? — resterende processus praenasalis 2. Vir orige afkortings 
sien vorige figure. 
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FIG. 2b: Anas. (Grafies-topografiese rekonstruksie van die neuskapsel van 'n 23  dae- 
embrio, laterale aansig. x 11. 
mes — mesethmoied. Vir orige afkortings sien vorige figure. 


nou nie meer 'n onderbreking aanwesig tussen die cupula en die voorste geleë 
uitsteeksel nie (v.g.u.). Na vore het die processus praenasalis nou heeltemal 
gedegenereer, sodat die bindweefselstrook wat eers vanaf die cupula na die 
processus praenasalis gestrek het, nou in verbinding tree met die bindweefsel- 
strook van die oorkantste cupula. Al aanduiding wat daar nou nog van die 
processus praenasalis oorbly, is `n klont digte bindweefsel wat tussen die 
bindweefselstroke geleë is. Jn dié stadium is daar niks meer van 'n fenestra 
septi nasi anterior (fig. 2a) te bespeur nie. 

Waar die ramus medialis nasi van elke kant voor vertak, word daar weer 
kraakbeen gevind tussen die rami, en die kraakbeen kan niks anders wees as 'n 
oorblyfsel van die processus praenasalis nie. Die kraakbeen neem die vorm van 
'n mediane, na vore gerigte uitsteeksel (fig. 2a, ppl.) aan. Die cupula strek nou 
mediaanwaarts en heg hom deur middel van die lateraal geleë, voorste 
uitsteeksel aan die neusseptum; die uitsteeksel versmelt dan met die oorblyfsel 
van die processus praenasalis (fig. 2b, r.pp"”. Soos reeds beskryf, verloop die 
ramus medialis nasi vorentoe onder die agterste uitsteeksel deur (a.g.u.), maar 
in die 23 dae-embrio is dit mediaan nie meer van sy maat geskei deur die 
processus praenasalis nie. Die intussen vertakte ramus medialis nasi verloop 


9 


nog op presies dieselfde manier onder die voorste uitsteeksel (v.g.u.) deur: dus .' 
'n bewys dat die mediane gedeelte 'n oorblyfsel van die processus praenasalis is. 
Agter die oorblyfsel van die processus praenasalis (fig. 2a, rpp") strek die 
processus maxillo-palatinus ossis maxillaris mediaanwaarts om kontak met sy 
maat te verkry. 

Waar by die 16 dae-embrio die begrensing van die fenestra septi nasi 
posterior ventraal volledig was, vind ons nou by die 23 dae-embrio twee onder- 
brékings: een in die voorste en die ander in die agterste hoek van die fenestra. 
Daar genoemde onderbrekings ventraal van die buigingslyn geleë is, verdwyn by 
die 23 dae-embrio dié gedeeltes van die processus praenasalis wat by die 16 dae- 
embrio die buiging van die septum belemmer het. Genoemde onderbrekings, 
wat gepaard gaan met die degenerasie van die processus praenasalis veroorsaak 
dat die fenestra septi nasi posterior omvorm word tot die foramen ceranio-. 
faciale (fig. 2a en b, fef). 

In die 16 dae-embrio kan die mate van buiging wat daar miskien in die 
neusseptum nodig is, plaasvind deur die buigbaarheid van die kraakbeen, omdat 
SOOS reeds vermeld, die kraakbeenmatrix nog nie so goed ontwikkel is as dié 
van die processus praenasalis nie. Bowendien, by die embrio sal 'n groter 
gedeelte van die neusseptum buigbaar wees, daar die buiging nie, soos by die 
volwasse skedel, beperk is tot die laterale grens tussen die lacrimale en nasale 
nie, aangesien die verbinding tussen dié bene agter die buigingslyn nog 
bindweefselig is (fig. 8). In die 23 dae-embrio is 'n onderbreking in die neusseptum 
nodig, aangesien die mesethmoied (fig. 2a.mes) aan die verbeen is in die 
neusseptum, net agter die foramen craniofaciale. Bowendien besit die kraakbeen 
nou 'n duidelike matrix, en die dekbenige dakelemente het in intiemer 
verhouding tot die kraakbenige neuskapsel getree. Die onderbreking vind dan 
ook net plaas in die geskikste plek wat voorhande is, naamlik in die ventrale 
rand van die fenestra septi nasi posterior. 

Soos reeds beskryf, is die voorste uitsteeksel (Vv.g.u.) by die 23 dae-embrio 
deur middel van kraakbeen verbind met die cupula. Wanneer die buiging dus 
plaasvind, en die maxillare vorentoe en dorsaal beweeg, sal die cupula wat 
bindweefselig intiem verbind is met die maxillare, die ventrale rand van die 
neusseptum deur die resterende gedeelte van die processus praenasalis waaraan 
die voorste geleë uitsteeksel geheg is, optrek (fig. 2, r.pp”). As gevolg van die 
trek op die neusseptum sal 'n onderbreking in die ventrale rand van die fenestra 
septi nasi posterior nodig word. Alhoewel die dekbene intiem deur digte 
bindweefsel verbind is met die cartilago parietotectalis, sal hulle trek nie genoeg 
wees om 'n onderbreking te veroorsaak nie. By die 16 dae-embrio waarby daar 
geen onderbreking in die ventrale rand van die fenestra septi nasi posterior is 
nie, blyk dit dat die voorste sydelingse uitsteeksel bindweefselig verbind is met die 
cupula, en dat die cupula nie deur middel van digte bindweefsel met die mediane 
rand van die maxillare verbind is nie, sodat geen trek op die ventrale rand 
van die neusseptum uitgeoefen word nie. 


(d) Bykomstige veranderings in die chondocranium wat dien om die 
kinese te vergemaklik 


Hoe die kinese gaan geskied in geval van die vertikaalstaande neusseptum 
is reeds verduidelik, maar hou ontstaan die vraag: wat geskied met die laterale 
gedeelte van die cartilago parietotectalis wat oorsprong gee aan die 
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FIG. 3: Anas. Dwarssnit van die 23 .dae-embrio in die wyk van die foramen cranio- 
faciale. 

f — #frontale;: |1 — lacrimale; n — nasale; pfop — processus frontalis ossis 
praemasxillaris; pmx — processus maxillopalatinus; rin — ramus lateralis nasi; 


rmn — ramus medialis nasi; s — synoviaalholte. Vir orige afkortings sien vorige 
figure. 


mesoturbinale? (fig. 3, mt). Die mesoturbinale vorm dus ook 'n lateraal 
vertikaalstaande skeiwand wat die kinese sal teëgaan. 

In die 16 dae-embrio word daar agter die fenestra septi nasi posterior in die 
cartilago parietotectalis nog 'n onderbreking gevind in die vorm van 'n lengte- 
gleuf, net lateraal van die neusseptum (fige. 1, 2 en 4, gl), terwyl by die 28 dae- 
embrio die onderbreking net lateraal van die mesethmoied te vind is. By die 
23 dae-embrio strek die pars frontalis ossis praemaxillaris net tot waar die gleuf 
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voor begin (fig. 4, pfop.), terwyl die nasale, frontale en lacrimale (fig. 4n, f,1) 
aangeheg is aan dié gedeelte van die cartilago parietotectalis lateraal van die 
gleuf geleë. By die 23 dae-embrio sal as gevolg van die onderbreking in die 
neusseptum en die verbening van die mesethmoied agter die foramen cranio- 
faciale, die opligting van die neusseptum nie verder na agtertoe moontlik wees 
as tot by die foramen craniofaciale nie, terwyl die laterale gedeelte van die 
cartilago parietotectalis nog die dorsale beweging sal uitvoer. Die gleuf maak dit 
dus vir die laterale gedeelte van die cartilago parietotectalis moontlik om te 
beweeg wanneer die kinese nodig word. Daar is ook histologiese bewyse in die 
23 dae-embrio dat die gleuf wel 'n rol speel by die kinese. Soos in fig. 4 getoon 
word, is die voorrand van die gleuf aanwesig in die vorm van 'n geboë kraak- 
'beenrand, met die cartilago parietotectalis dorso-lateraal geleë van die 
mesethmoied, wat dus ooreenstem met wat ons verwag, daar die cartilago 
parietotectalis nog die dorsaalwaartse beweging uitvoer. Die kraakbeen 
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heer) 
FIG. 4: Anas. Dwarssnit van die 23 dae-embrio om te wys hoe die gleuf tot stand kom. 
bp — buig in cartilago parietotectalis; dnli — ductus nasolacrimalis; pal — 
palatinum; pep — processus ethmopalatinus. Vir orige afkortings sien vorige 


figure. 
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degenereer dan in die buig, om sodoende die gleuf tot stand te bring (fig. 4, gl.). 
By die 23 dae-embrio is die gleuf in dieselfde vorm aanwesig as by die 16 dae- 
embrio, maar blykbaar is die gleuf besig om na vorentoe verder oop te skeur. 
Die rede vir hierdie gevolgtrekking is eerstens die aanwesigheid van die buig in 
die cartilago parietotectalis en tweedens die voorkome van langwerpig 
afgeplatte kraakbeenselle in die buig. 


(e) Die homologie van die ,,cartilagines paraseptales” 


W. K. Parker (1875) vind by Linota cannabina weerskante `n klein ovale 
kraakbeentjie dorsaal van die processus maxillo-palatinus geleë, en skryf as volg 
daaroor: ,As this appears to me to be as yet undescribed, I propose to call it the 
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FIG. 5: Anas. Dwarssnit van die 16. dae-embrio om die verhouding tussen die voorste 


geleë uitsteeksel (@ehomologiseer met paraseptale 1) en paraseptale 2 te toon. 
Vir afkortings sien vorige figure. 
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vomerine cartilage. It ossifies endosteally and has even now a small core of 
osteoblasts with the finest deposit of calcareous matter”. Parker meld dat dit 
baie groot is by ander ,Aegithognathae” en gaan voort: ,As it forms the mother 
patch for each vomerine moiety, it is of great interest and is new to me”. 
Parker beweer verder dat waar die ontwikkeling van die ,,vomer” van die 
Passeres so anders is as wat hy verwag het, daarom: ,My mind cast about for 
some symmorph in the cold-blooded types and in the Reptilian birds (Ratitae)”. 
Parker meld dat hy hul by Rhea gevind het (Phil. Trans, plate 10, fig. 14), en 
beskryf hul as ,,free cartilages on the masxillo-palatine region, and attached to 
these processes and to, the fore forks of the double vomer by fibrous tissue”. 
In 1866 kon hy hul nog nie verklaar nie, in 1875 noem hy hul ,,voimerine 
cartilages” en in 1888 skryf hy oor hul by Rhea: ,I have been for a long time 
satisfied that this also is one of the vomerine or Jacobsom's cartilages, and this 
view is corroborated, and to my mind proved, by what my son has found in the 
palate of Apteryx”. T.J. Parker (1888) beskryf hul by Apteryx as volg: ,On each 
side of the ventral edge of the mesethmoid, in the vomerine region, is a slender, 


mm 


FIG. 6: Anas. Dwarssnit van die 16 dae-embrio om die verhouding tussen die pterygoied 
en vomer te toon. 
pt — pterygoied. Vir orige afkortings sien vorige figure. 
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free rod of cartilage imbedded in connective tissue, and lying parallel with, and 
either immediately above or slightly lateral of, the dorsal edge of the vomer”. 
W. K. Parker het dus reeds in 1888 'n beter begrip omtrent die morfologie. van 
hierdie kraakbeentjies gehad as Pycraft (1892), aangesien laasgenoemde gemeen 
het dat hul outogtoon ontstaan. W. K. Parker het hul bewus in verband gebring 
met die paraseptalia van Lacertilia en laer Mammalia. W.K. Parker (1875) was 
egter verkeerd met sy bewering dat hul ,,the mother patch for each vomerine 
moiety” vorm, aangesien hy beskryf het hoe die kraakbeentjies binne vier-en- 
twintig uur .ontwikkel tot die ,large ox-faced vomer”. Dit alles is hoog- 
onwaarskynlik, daar die verskillende bene ewe vinnig ontwikkel. 

In `n ongepubliseerde werk van prof. De Villiers oor ,,The relations of the 
vomer and palatoduadrate bar to the cranial rostrum in the 'Tinamou, 
Crypturellus species” word daar drie paar cartilagines paraseptales beskryf. Die 
paar wat hy paraseptale 2 noem moet dieselfde wees as dié by Rhea en Apteryx. 

By Anas bestaan*ook 'n paar cartilagines paraseptales wat mediaan-dorsaal 
sindesmoties aangeheg is aan die processus maxillo-palatinus, en ventro-lateraal 
strek tot die voorste punt van die vomer (fig. 3, p2); hierdie paar is homoloog 
met prof. De Villiers se paraseptale 2. Daar bestaan egter 'n verskil, daar by die 


mm j 


FIG. 7: Anas. Dwarssnit van die 23 dae-embrio om die verhouding tussen die pterygoied 
en vomer te toon, 


Pppt — m. protractor pterygoidei. Vir orige afkortings sien vorige figure. 
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Tinamou paraseptale 2 dorsaal op die vomer te lê kom, namate die processus 
maxillo-palatinus na agter toe verdwyn, terwyl by Anas die vomer na vore 
verleng is mediaan-dorsaal van die kraakbeentjies. 

sParaseptale 1” van prof. 'De Villiers, ,,cemented to the ventro-lateral rim 
of the septum?” kan miskien gehomologiseer word met die agterste uitsteeksel 
(fig. 5, agu.) by Anas. In die 16 dae-embrio (fig. 5) strek die uitsteeksel lateraal 
om die ramus medialis nasi in die rigting van paraseptale 2. As dit paraseptale 
1 is, dan bevestig dit prof. De Villiers se bewering, ,it is duestionable whether 
paraseptals 1 are really homologous to any Lacertilian paraseptal entity: they 
may be theoretically considered as unossified tracts of the ventral septal rim”. 
Hierdie homologisering word gesteun deur die omstandigheid dat genoemde 
uitsteeksels by Anas uit die ventrale rand van die neusseptum ontstaan. 

Soos reeds aangetoon, verkry die vomer nêg by die embrios nêg by die 
6 dae-oud eendjie ooit kontak met die processus maxillo-palatinus, daar 
paraseptale 2 tussen hul geleë is. By die ondersoek van die volwasse skedel blyk 


z 


FIG. 8: Anas. Grafiese rekonstruksie van die frontale buigingslyn by die 23 dae-embrio, 
laterale aansig. Xx 22. 
i— jugale; mx — maxillare; pzom — processus Zygomaticus ossis maxillaris. Vir 
orige afkortings sien vorige figure. 
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dit dat die vomer in 'n dorsale groef van die processus maxillo-palatinus geleë 


`is, daar laasgehoemde lateraal van die voorpunt van die vomer dorsaalwaarts' 


` 


strek. In die embrios kan daar nie so 'n gedeelte van die processus maxillo- 
palatinus gesien word nie: die cartilagines paraseptales is aan weerskante van 
die vomer geleë. Die enigste moontlike verklaring is dat paraseptale 2 moes 
verbeen het, en daarom is die volgende bewering van prof. De Villiers baie 
interessant: ,Apparently there is much ossified fibrous matter associated with 
the paraseptal apparatus of Crypturellus. Ossifications of this type of histogenesis 
were termed ,Faserknochen' by Prof. Weidenreich (1923)”. Bogenoemde 
verbenings is deur prof. De Villiers beskryf in verband met paraseptale 2. 
Interessant in W. K. Parker (1875) se beskrywing is die konstatering dat die 
cartilagines praseptales wel verbeen. Die verbeningsproses wat hy by Linota 
canabina opgemerk het, is nie dié van die vomer nie, maar wel van die 
cartilagines paraseptales (sogenaamde ,,septo-masxillaries”). Dit kom my voor 
dat sy ,median septo-masxillary”, geleë tussen die processus mazillo-palatini 
om sy sogenaamde ,,onvolmaak indirekte desmognate toestand” tot stand te bring, 
beskou moet word as die verbening van paraseptale 2. Die ,,median septo- 
maxillary” het hy opgemerk by Megalaema asiatica, 'Trichilus, Homorus en 
Anser palustris. W.K. Parker was dus die eerste om die kraakbenige paraseptalia 
by voëls, en wel by Rhea, te beskryf. Met die oog op bostaande uiteensetting 
is dit dus heeltemal moontlik dat waar dit by die volwasse skedel van Anas wil 
voorkom asof die vomer op die processus maxillo-palatinus geleë is, dit in 


werklikheid net op die verbeende cartilago paraseptalis 2 rus. Wat die saak nog 


interessanter maak is dat W. K. Parker sy ,median septo-maxillary” juis by 
Anser palustris opgemerk het. Die ,,prevomer cartilages” wat De Beer en 
Barrington as geleë naby die voorste ventrale grens van die fenestra septi nasi 
posterior by Anas beskryf het, is dieselfde kraakbeentjies as wat hier beskryf 
word as paraseptale 2. 


(4) OPSOMMING 


(1) Die vomer verkry nie kontak met die rostrum nie, aangesien die processos 

ethmo-palatini dié twee van mekaar skei. 

(2) 'n Synoviaalholte kom tussen die splinteragtige verlenging van die 

pterygoied en die rostrum voor; eersgenoemde skei die processiis ethmo- 

palatini van die rostrum. 

Volgens Pycraft bestaan daar by die ,,Carinatae” `(Neognathae) 

gedurende die ontogenie kontak tussen die pterygoied en vomer. BY 

Anas bestaan daar nooit, selfs nie in die ontogenie, die moontlikheid 

van kontak tussen die pterygoied en vomer nie. 

(4) Die voorste punt van die pterysoied word nie (soos deur De Beer beweer) 
gedurende die ontogenie gereduseer nie. 

(5) Die vomer neem geen aandeel in die bewerkstelling van die kinese nie, 

daar dit net passief met die verhemelteboog saambeweeg. 

Paraseptale 2 skei die voorste punt van die vomer en die processus 

maxillo-palatinus; `n synoviaalholte kom tussen paraseptale 2 en dié 

vomer voor. 

(7) Die ontogenie bewys die stelling dat die desmognate ere ker -tipe 'n 
verdere modifikasie van die schizognate tipe is. 
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—— 


(6 
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“Net die pars #rontalis ossis praemaxillaris en die nasale is met die 


frontale buigingslyn gemoeid. 

Die ventrale kraakbenige begrensing van die foramina in die neusseptum 
(Wat die skyn-ventrale rand van die neusseptum word) moet beskou 
word as die basis van die processus praenasalis. 

In die 23 dae-embrio is die processus praenasalis heeltemal gereduseer 
met . uitsondering van twee gedeeltes: 'n voorste waaraan die voorste 
uitsteeksel aanheg en dié gedeelte wat dorsaal geleë is van die voorpunt 
van die vomer. 

By die 23 dae-embrio kom daar onderbrekings in die voorste en agterste 
gedeeltes van die ventrale begrensing van die fenestra septi nasi 
posterior voor; hul is direk onder die frontale buigingslyn geleë en maak 
dus die knakking moontlik. As gevolg van genoemde onderbrekings 
word die fenestra septi nasi posterior omvorm tot die foramen cranio- 
faciale. 

Die redes waarom die onderbrekings plaasvind by die embrios van 16 tot 
23 dae is die volgende: 


(a) Die kraakbeenmatrix by die 923 dae-embrio is beter ontwikkel en sal 
dus nie meer soveel meegee nie. 

(b) By die 23 dae-embrio is die buigingslyn beperk tot die sydelingse grens 
tussen, die lacrimale en nasale, en dus word die buiging in die 
kraakbenige skelet ook beperk tot dié wyk. By die 16 dae-embrio 
vind die buiging oor 'n groter oppervlakte plaas, en die onderbrekings 
is dus nie nodig nie. 

(c) Die mesethmoied verbeen net agter die foramen cranio-faciale. 

(d) By die 23 dae-embrio is die voorste uitsteeksel kraakbenig verbind 
met die cupula, en 

(e) die cupula is sterk sindesmoties verbind met die mediaan-dorsale 
oppervlakte van die maxsillare. 


'n Gleuf ontstaan tussen die mesethmoied en die cartilago 
parietotectalis; gevolglik kan die vertikale mesoturbinaalgedeelte van die 
cartilago parietotectalis teenoor die mesethmoied beweeg. 

W. K. Parker en prof. De Villiers het daarop gewys dat die cartilago 
paraseptalis kan verbeen; dit is dus waarskynlik dat by Anas die vomer 
nooit kontak verkry met die processus maxillo-palatinus nie, maar dat 
dit 'oor die verbeende paraseptale 2 sly. Die ,median septo-maxillary” 
van W. K. Parker word gehomologiseer met die verbeende paraseptale 2. 


(15) As die agterste -uitsteeksel homoloog is met paraseptale 1, dan bewys 


die bo beskrewe topografie van die uitsteeksel by Anas prof. De Villiers 
se stelling, dat die kraakbeentjies verlenginge van die ventrale rand van 
die neusseptum is. l 
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agterste geleë uitsteeksel (gehomologiseer met 
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paraseptale 1). 
la at — atrioturbinale. 
4 bp — buig in cartilago parietotectalis. 
ib cpt -—  cartilage parietotectalis. 
1a cn —  concha nasalis. 
4 dnl -—  ductus naso-lacrimalis, 
1a Cu; — .ceupula. 
2a fcf — foramen cranio-faciale. 
la fsnp -— fenestra septi nasi posterior, 
7) i' —. frontale 
1a, gl — gleuf, 
8 j — jugale. 
3 1 —. lacrimale: 
8 mx —  maxsillare. 
1p mt — mesoturbinale. 
2a mes — mesethmoied. 
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nasale. 

palatinum. 

parasphenoied. 

cartilago paraseptalis. 

processus ethmo-palatinus. .. 
processus frontalis ossis praemaxillaris. 
processus maxillo-palatinus ossis maxillaris 
processus praenasalis. 

processus zygomaticus ossis maxillaris. 

m. protractor pterygoidei. 

pterygoied. 

ramus lateralis nasi. 

ramus medialis nasi. 

resterende processus praenasalis 1. 
resterende processus praenasalis 2. 
skeidingslyn tussen processus praenasalis en septum nasi 
septum nasi. i 
synoviaalholte. 

vomer, 

voorste geleë uitsteeksel. 
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The Relations of the Vomer and 
Palatoguadrate Bar 


to the 


(Cranial Rostrum in the Tinamou 
(Crypeurellus Species) 


by 
Prof @:GSDEMVIEEFIERS: 


ABSTRACT 


The Tinamiformes have always occupied an uncertain position in the 
natural classification of birds. 'The oral roof was originally described as. 
 dromaeognathic in spite of the birds being “carinate.” (Crypturellus conforms 
to the 'Tinamus type and the oral roof lacks the pterygopalatine diarthrosis 
although it is flexed towards the cranial base as in non-dromaeognathic types. 
The elements of the cranial roof are in synostotic relation to each other and 
the cranial kinesis is restricted. 


[Volume XXIV, Section A, No. 2 (1946)1 
[Jaargang XXIV, Reeks A, No. 2 (1946)1 
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The material for this investigation was kindly sent to me by Dr. COraigie of 
Toronto, who had already used the head for his work on the Tinamou brain 
, (1940). The material was carefully skinned, the horny layer of the beak 
removed, And the object then decalcified in a 3% agueous solution of nitrie acid. 
Microtomisation was extremely difficult, but on the whole duite successful, 
sections 30u in thickness proved to be even more difficult to roll out than to cut. 
Borax-carmine, obtained in solution from the Turtox laboratories, was used as . 
a nuclear stain in t0to; as a counter stain azan was employed. “Panphot” 
microscopical drawings were supplemented by a graphical IE of 
the palate. 

Biographical-historical introduction. 1 have not come across any 
histological details of the structure of the Tinamou palate in the existing 
literature; even in the Struthiones, Rheae, Casuarii and Apteryges very little is 
known regarding the histological relations of the bones of the oral roof, although 
the anatomy and general -topography have been freguently investigated. I do 
not intend to discuss the somewhat academic duestion of the mono-' or 
polyphyletic origin of the socalled “Ratitae” in this paper: the reader is referred 
to the older literature such as Huxley (1867), W. K. Parker (1866 and 1874), 
T. J. Parker (1895), Pycraft (1900 and 1910) and Craigie (19380—1940). Lowe 
(1998 and 1942) gives a modern review of the subject, and a full bibliography ' 
is to be found in Lambrecht (1983). Most modern workers agree with the views 
expressed by' Firbringer in 1888. Stresemann (1927 to 1934) has written the 
most up-to-date zoological work on birds, and Marinelli (1986) has done the 
avian skull for the great “Handbuch” of Bolk, Géppert and others. 'These latter 
two works supplant Beddard (1898) and Pycraft's (1910) works on ornithology. 
Heilmanm's `English edition (1926) of his “Fuglenes Afstamning” makes 
interesting reading. (Gadow's account for Bronns Klassen und (Ordnungen 
(1891, 1893) as well as Evans's account for the “Cambridge Natural History” 
(1899). are antiguated.. 

There exists very little ee anatomical work on the Tinamidae (order 
Crypturi): most works reproduce W. Parker's figures, and it is not clear how 
much personal investigation underlies Pycraft's (1900) comparative anatomical 
data. I much regret not having had access to the works of Alix (1874), Suschkin 
(1899) and Kohts (1918) which are stated to be of importance to the study of 
the 'Tinamou skull. (Craigie (1940) has published a detailed account of the 
cerebral cortex of the Tinami. 

Although the “dromaeognathic” structure of the 'Tinamou palate had i 
apparently been recognised previously, its full significance was first realised by 
W. K. Parker in a paper read before the Royal Society of London on 25.11.1862, 
although the date of the bound volume is 1866. Huxley in 1867 gave full 
precedence to W. K. Parker in his op. cit, p. 42, but came to the conclusion 
on the same page that “though the most Struthious of all Carinate birds, then, 
the Tinamus cannot, I think, be removed from the” order of the Carinatae”. 
Parker figured the norma dorsalis (Pl. 40, fig. 2), norma ventralis (Pl. 40, fig. 1) 
and norma lateralis (Pl. 40, fig. 3) of the Tinamou skull and discussed the 
anatomy of the bony oral roof at length, stressing the “struthious” pattern 
displayed. 'The original definition of the dromaeognathic palate has been greatly 
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obscured by additions and emendations, so that Huxzley's (op. cit.) formulation 
should perhaps be guoted verbally (op. eit., p. 418). '“The posterior ends of the 
palatines and the anterior ends of the pterygoids are very imperfectly, or not 
at all, articulated with the basisphenoid rostrum, being usually separated from 
it, and supported, by the broad, cleft, hinder end, of the vomer. Strong 
'basipterygoid? processes, arising from the body of the basisphenoid and not. 
from the rostrum, articulate with facets which are situated nearer the posterior 
than the anterior ends of the inner edges of the pterygoid bones. 'The upper, 
or proximal, articular head of the guadrate bone is not divided into two distinct 
facets.” 

Pycraft (1900) substituted “palaeognathic” for Huxley's “dromaeognathic”, 
thereby leading one to infer that he believed in the primitiveness and. 
monophylogenetie origin of “Ratitae” -- Crypturi. Stresemann (op. cit, p. 138) 
remarks: “Es ist zu bedauern, dass Pycrafts Gruppierung von vielen englisch 
schreibenden Systematikern ohne weiteres ibernommen worden ist.” 1 do not, 
however, think that Stresemann is justified in asserting (op. cit. p. 7388) that 
Pycraft considered his “Palaeognathae” a monophyletic group; judging by 
Pycraft/s discussion on p. 264 and his phylogenetic tree on p. 265, one is led to 
infer that he believed in the polyphyletic . or. triphyletie origin of his 
Palaeognathae. ` In any case “palaeognathic” was unwisely chosen, and Huxley's 
nomenclature, moreover, has precedence. Pycrafts own definition of his 
Palaeognathae is duite short: “The skull of the Palaeognathae .. . . difers from 
all other known birds in that, in the adult, the pterygo-palatine connection 
is by symphysis or anchylosis, and not by arthrosis.” (Op. cit, p. 171.) 

This definition is somewhat different from Huxley's, in which the absence 
of articulation of the palato-pterygoid joint with the rostrum is stressed. It 
is duite conceivable that an avian palate may turn up with a. palato-pterygoid 
synovial joint not #flexed towards or effecting contiguity with the rostrum. 
Mechanically this arrangement is possible, but would not be very satisfactory. 
in view of, the absence of an os transversum (os ectopterygoideum) and the 
restricted kinesis of most avian skulls. Pycrafts work came before Versluijs's 
important researches on cranial kineses (1912) and the subseguent work on the 
avian cranial mechanics which it is impossible to review here. Suffice it to say 
that Versluijs proved that the avian mesokinetic joint is.derived from a meta- 
kinetic type. (Compare Versluijis, 1912 and Abel, 1919) Pycraft does not discuss 
problems of kinesis at all, but there are signs that W. K. Parker was alive to the 
problem. (Cf. op. cit., 1866, p. 216, and the foot-note to p. 58 of his work on the 
hoatzin, 1891.) ' ' 

We do not yet know the histological details of the palato-pterygoid 
. connexion (suture?) figured by W. K. Parker (1866) for the Tinamou (Pl. 40, fig. 1), 

or, as a matter of fact, any such details for neighbouring bones of the oral roof, 
since, apparently, no Tinamou skull has ever been microtomised. It will there- 
fore be attempted in this paper to ascertain in how far the oral roof of 
Crypturelles corresponds topographically with W. Parker's figures for 'Tinamus 
robustus and thereby to test the validity of its dromaeognathy (or palaeognathy). 
Furthermore, histological details will be furnished, and the kinesis of the skull 
will be discussed. 

The taxonomic scheme adopted in this paper is that of Stresemann 
(1927—1934) whose system (pp. 738 et seg.) is only a slightly modified version of 
that of Firbringer (1888). 'The traditional distinction between “Ratitae” and 
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“Carinatae” is entirely discarded, and the monophyletic origin of the former 
implieitly rejected. Recently Lowe (1928 and 1942) has attempted to revive the 
older hypothesis. 'The admitted primitive features of running birds, of the 
Crypturi, Galli and Opisthocomi will presumably always necessitate their being 
placed at the bottom of any natural system. Future research may show that 
many “primitive” birds are in reality neotenic in origin. (Compare De Beer's 
short discussion on p. 446, 1937.) Large size is not infreduently an important 
indication of neoteny; Xenopus, Pipa and the Cryptobranch Urodeles are well- 
known instances among the Amphibia. At the present stage of our knowledge 
of the much neglected comparative anatomy and embryology of birds, the 
suggestion can only be of a tentative nature. But when details of the ontogeny 
of running birds other than Apteryx (T. J. Parker, 1892 and 18938) will be known, 
it might reasonably be found that phylogenetic neoteny is a factor to. be 
reckoned with in. the interpretation of the phylogeny of birds. Bven in 
Lambrecht's (1933) excellent discussion of the “Ratitae” problem (pp. 905—911) 
neoteny is not touched upon. 


OWN INVESTIGATIONS 
VOMERS, SECONDARY AND PRIMARY PALATES 


The tip of the beak in Crypturellus is strengthened by the premaxillary 
only, whose facies palatalis begins to show a median interruption at the level 
'of the anterior end of the cartilaginous nasal skeleton, this being the anterior 
limit of the palatal vacuity. The premaxillary then possesses two palatal sduames 
in section: the premasillary contribution to the secondary palate. 

The vomer first appears in section as an osseous moiety dorsal to and 
entirely covered by the medial rim of the palatal sgauame of the premasillary. 
The connective tissue separating the latter two bones is very thin and is 
traversed at irregular intervals by osseous bridges and thin lamellar intrasutural 
ossifications, so that it is obvious that, in this region at least, no mutual. move- 
ment between the two bones is possible. More posteriorly the vomer shifts 
medially so as to appear within the palatal vacuity and it then embraces the 
premasxillary sduame. The processus masxillo-palatinus of the maxillary has 
already made its appearance, first as a thin bony lamella lying upon the processus 
palatalis of the premaxillary, to which latter is added a second portion lying 
ventral to the lateral, curved rim of the sduame; the process becomes entire by 
the disappearance of the separating premaxillary bridge. 

From the above description it will be understood that the premaxillary 
palatal process is forked posteriorly for the reception of the similarly but 
anteriorly forked maxillo-palatine process. 'The cementing connective tissue 
between the four prongs concerned is so dense that no motion is possible. As 
the maxillo-palatine process enlarges, it reaches the tooth of the vomerine fork 
medially and is freguently in synostosis with it. AI the bones in this region 
are closely cemented by connective tissue in which often appear small accessory 
bony nodules and flakes derived from either the vomer or the maxillo-palatine 
process. Functionally the premaxillary, maxillary and vomer constitute `a 
compact floor for the vestibule (Vorhof). The vomer is now clasped between the 
maxillo-palatine process and the processus palatalis of the premaxillary and is 
situated some distance ventro-lateral to the thickened base of the septum, 
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which broadens out rapidly to become larger than the intervomerine space. 'The 
vomers are now approaching each other, and the broad ventral rim of the septum 
then rests upon a wide trough formed by the firmly cemented vomers and 
maxillo-palatine processes, each of the latter accompanied by a paraseptal 
cartilage (paras. 2) in syndesmotic continuity with the periosteum of the masxillo- 
palatine. (Fig. 1). It will be noticed that the space between the septal rim and 
the vomero-masxillary association is occupied by a synovial cavity embedded in 
very loose connective tissue. Obviously there is continual motion of the septal 
rim within the bony trough referred to. Fig. 2 shows the presence of two sets of 
paired cartilages: the one (paras. 2) has already been referred to above as being 
associated with the maxsillo-palatine process; the other (paras. 1) is frmly 
cemented to the ventro-lateral rim of the septum. It is freguently notably 
paired on. either side, and much more strongly developed on the one side, 
although this unsymmetrical arrangement is probably of no importance. In 
lizards (see De Villiers 1939, Malan 1940, and E. Young 1942) the paraseptals are 
cartilaginous bars appearing in transverse section as struts between the nasal 
septum and the vomer. After having examined microtomised heads of Lacerta,' 
Acontias, Gerrhosaurus, Xantusia, Zonurus and Chamaesaura it has become 
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FIG. 1: Transverse section through the left side of the palate of (Crypturellus to show 
` the relations of vomer, secondary upper jaw and rostrum (septal rim). beep — 
. buccal epithelium; nsep — nasal epithelium; paras 1 and paras 2 — paraseptals 
al to me text; PEE 7 processus maxillopalatinus ossis masxillaris: 

— premaxillary; rst— rostrum; sync — synovial cavi ) 

and buccal roof; vo — vomer. j OE oe 
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clear to me that the paraseptals play an important réle in the filling mechanism 
of the vomers-nasal organ of Jacobson. (See also Broman 1919) Judging from 
the topography of the two sets of cartilages homologised above with the 
paraseptals, it seems a reasonable inference that the cartilages in Crypturellus 
are both paraseptal derivates. Double paraseptals are known in mammals, and 
in Gerrhosaurus Malan (op. cit.) has described a complex paraseptal basket. In 
birds the floor of the nasal capsule is notoriously incomplete and paraseptals 
are of rare occurrence. In the works of the Parkers these cartilages are still 
known as. cartilagines Jacobsonii on the assumption that they were homologous 
With the cartilaginous supporting skeleton of Jacobsom's organ in mammals and 
Lacertilia. This theory was, however, to be proved as fallacious by Cohn (1903) 
who proved that Jacobson's organ in birds is recapitulated in the avian ontogeny 
as an evanescent evaginational anlage. The suppositious homology of the avian 
glandula nasalis or its duct with Jacobsom's organ has recently also been rejected 
by Marples (19382). 'The paraseptals (Spurgat 1896) of birds were discovered by 
W. K. Parker (for Rhea) and described in his work on the “ostrich tribe” 
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FIG. 9: Transverse section through left side of palate to show the maxillopalatino- 
vomeral bevelling.' 
CDV — corpus vomeris; paras 3 — third pair of paraseptals referred to in text. 
Other abbreviations as for Fig. 1. 
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T. J. Parker could demonstrate their presence in Apteryx as well. 'The avian 
paraseptal is remarkable in being the only vestige of the cartilaginous nasal 
solum. Crypturellus even nas a third pair of paraseptals apparently not 
represented in other birds. They are figured in Fig. 2, in which the anterior 
bifurcation of the vomerine mass has passed over into a “corpus vomeris”. This 
third pair of paraseptals (paras. 8) lie in the tough ligamentous basal membrane 
connective tissue, external to the maxillopalatine paraseptals. It is gauestionable 
whether paraseptals 1 are really homologous to any Lacertilian paraseptal 
entity: they may be theoretically considered as unossified tracts of the thickened 
ventral septal rim. But the cartilage bars referred to above as paras. 2 and 
paras. 3 undoubtedly represent vestiges of the avian solum nasi and must be 
described as paraseptals. Paraseptals 2 are duite minute (.5 mm. in length), 
while the latter are characteristic of most transverse sections of the vomerine 
region and measure rearly one cm. When that portion of the pr. maxillopalatinus 
bearing the inner paraseptal disappears, the latter rests upon the vomer directly 
and appears as a cartilaginous strut between the vomer and the rostrum. 
Apparently there is much ossified fibrous matter associated with the paraseptal 
apparatus of Crypturellus. Ossifications of this type of histogenesis were termed 
“Faserknochen” by Prof. Weidenreich (1928); anyone who has had to do with 
the investigation of this type of bone will know how difficult it is to distinguish 
a decalcified “Faserknochen” from ordinary uncalcified dense collagenous 
ligamentous tissue. But in Crypturellus the latter. does seem to ossify dorsal, 
medial and ventral to paraseptals 2. (See Fig. 3) 'The osseous substance so 
formed lies in a line with the dorso-lateral vomerine ridges of which it is a 
functional extension. 'There is a close histological association of the basal 
membrane aponeurosis and the dorsal extension of the periparaseptal 
“Faserknochen”: It will be noticed that the synovial cavity between the septal 
rim dorsally and the vomero-paraseptal complex ventrally is continued laterally 
over the dorsal “Faserknochen”. 

The position occupied in Fig. 1 by the septal paraseptal cartilage 
(paraseptal 1) is taken up posteriorly by dense connective tissue rich in 
Ccollagenous fibres, such tissue has become a “Faserknochen” incrustation ventro- 
lateral to the rostrum, which it completes and strengthens. “Faserknochen” are 
freduently encountered in birds, for instance between the leg muscles in the 
domestic turkey. It should be stressed that this type of bone does not develop 
an own marrow cavity, and that, since it is apparently developed as a response 
to stress and strain, it has not the same morphological interest attaching to the 
ossa investitientia and ossa substitientia which have preserved their identity 
from fishes upwards. 'The boundary between the processus maxillo-palatinus 
ossis maxillaris and the os palatinum is obscured by a considerable amount Of 
ankylosis between the two elements concerned. 'The topography resembles that 
in the ostrich, ie. the palatine is immovably cemented to the secondary palate 
ventrally by means of connective tissue and bony bridges extending across this 
latter from bone to bone. In transverse section (Fig. 4) the palatal roof is 
freguently forked medially, the ventral prong of the fork presumably 
representing the palatine, but where so much ankylosis has gone on it is difficult 
to define the limits of the palatine component of the oral roof at this level. 
A minute bone is found on either side on the medial face of the oral bony roof; 
it is embedded in collagenous tissue continuous with the dense fbrous layer 
(basal membrane aponeurosis) underlying the respiratory nasal epithelium. 'The 
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FIG. 3: Transverse section through the left side of the palate in the region where the 
Corpus vomeris occludes the septal rim from the palatal roof. 
fskin 1 — “Faserknochen” incrustation replacing paraseptal 1; fskin — “Faser- 
knochen” incrustation around paraseptal 2: functional extension of the vomer. 
Other abbreviations as for previous figures. 


bone is not in synostotic continuity with the bony oral roof, and from its 
histological relations may conceivably represent another “Faserknochen”, but it 
may even Tepresent the lost transversum of birds. 'The palato-maxillary 
boundary is apparently situated further back in Crypturellus than in most birds, 
as the eye is already sectioned in the region in which it is located. 'The 
histologically undivided and homogeneous bone will henceforward simply be 
called the palatine, although its lateral margin is presumably a derivative of 
the os maxillare. 

W. K. Parker who, to my knowledge, was the only investigator to figure the 
Tinamou palate (1866, Pl. 40, Fig. 1) unfortunately did not (or could not) label 
the constituent bones, so that one has to infer their extent from the tert. 
Rhea (Parker, op. cit, P1. 40, Fig. 9) is duite extensively labelled, possibly because 
there is not so much ankylosis as in the Tinamou figured. On p. 218 he states: 
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FIiG. 4: Transverse section through the palatal roof at the presumed vomeropalatine 
boundary. 


ostv ? — vestige of the os transversum ?; pal? — palatine component ?; vmpl— 
vomeropalatine zone of bony buccal roof. Other abbreviations as for previous 
figures. 


“The posterior broad end of the Tinamou's vomer does not keep free as in the 
great ostriches but agrees with that of Apteryx in coalescing with the pterygoids 
and palatines.” In any case, the maxillopalatine-palatine boundary cannot be 
jdentified with certainty in sections of Crypturellus, unless the forking of the 
vomeral face of the bar is an indication of it. Pycraft (1900) stresses for the 
Crypturi in general (p. 190) the similarity of the palatine with that of Rhea. 
On p. 192 he states: ,In the Crypturi the main body of the palatine is, as in 
Rhea, horizontal, but the anteriorly produced external lateral border is of much 
greater length, and takes the form of an elongated and slender rod suturating 
anteriorly with the maxilla.” In Crypturellus no such suture can be determined 
between the palatine and the maxillary, and none is shown in W. K. Parker's figure 
of Tinamus robustus. The “rod” Pycraft refers to is certainly constituted by the 
maxillo-palatine process anteriorly and the palatine posteriorly, as these pass 
over into each other in the microtomised palate. 
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In the anterior choanal region the vomers are again paired, the septal ridge 
is narrowing and is bounded laterally by the large paraseptals (2). 'The primary 
palate of the ostrich in this region is still fringed laterally by the maxillo- 
palatine processes, and presumably the palatine in Crypturellus is similarly still 
palatine -- maxillo-palatine process, as explained above. 'The bone consists of a 
stout ventral bar with a marrow cavity, and a thin dorsally directed sauame, 
also present in the ostrich, in which it is purely palatine. But in the dried 
ostrich skulls available there is no clear palato-pterygoid suture visible. 'The 
vertical sguames rapidly spread over the lateral and dorsal faces of the choanal 
nasal cavity and are then contiguous with the vomers at the level of the hind-end 
of the paraseptal (2). It is important to note that the two vomers are still 
syndesmotically cemented to each other along the midline. ln the ostrich the 
palatines are always widely separated from the vomers through the intervention 
of the maxillo-palatine process. It may therefore be argued that the curved 
osseous lamella in contiguity — and more posteriorly in synostosis — with the 
vomer is actually the masxillo-palatine process. But this is arguing in a circle 
and assumes that the palate of Tinamous must necessarily conform to the 
dromaeognathic pattern in all features. ln any case the palatine for a long 
distance is merely a thin osseous wing to the vomer: the ankylosed bones, 
therefore, collectively represent a vomero-palatine, which then begins to show 
a dorso-lateral and a weaker lateral ridge which is indented posteriorly. 'The 
intervomerine tissue shows signs of ijincipient chondrification, the resultant 
procartilage being of course neomorphic. 


The next important change to be observed in the transverse sections is the 
splitting of the palatal skeleton into (a) a smaller splint lying above the 
epithelium of the ductus nasopharyngeus where it eventually disappears, and 
(b) a larger dorsal portion now presumably the pterygoid; it is embedded in 
the musculature of the oral roof and acduires a medially situated concavity. 'The 
pterygoid is attached to the side of the septum by means of a broad membrane 
simulating (?) the broad septal bony lange of the bone in the ostrich. 'Towards 
the anterior face of the duadrate the pterygoid becomes oval in transverse 
section and thereupon rapidly increases in size. 


Neither W. Parker nor Pycraft has much to say regarding the pterygoid of 
the Tinamous. W. K. Parker remarks upon the thickness of its lower and the 
thinness and sharpness of its upper edge (op cit, p. 220). The pterygo-duadrate 
articulation he compares functionally with the mammalian humero-ulnar. 'The 
coalescing of vomer and pterygoid in the 'Tinamous has already been referred 
to, but it is by no means clear to the author that W. K. Parker's Fig. 1 shows 
this. A graphic reconstruction, Fig. 5, of the palate of Crypturellus merely shows 
that the maxillo-palatine process passes insensibly into the palatine, the latter 
passing into a vomero-palatine which in turn thins out to form the pterygoid. 
The palatine fenestrae of Tinamus robustus are not represented in Crypturellus. 
Pycrafts (op. cit.) work contains very little about the pterygoid of the Tinamou 
(p. 191) beyond remarking upon its similarity to that of Rhea, from which it 
differs mainly in being “longer, straighter and more slender”. 'The absence of 
a palato-ptérygoid arthrosis in the 'Tinamous is, of-course, inherent in his 
definition of the “Neognathae”. It should be noted that in his figure of the 
palate of Rhea (Pl. 42, Fig. 3) the vomers and palatines are fused posteriorly 


only: anteriorly the suture between the two bones is clearly indicated. 
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FIG. 5: Graphical reconstruction of osseous support of the palatal roof (“Kiefergaumen- 
apparat”). 

aprst — anterior apex of rostrum; bsb — “basal bone”; bstar — basipterygoid 
arthrosis; flex — “carinate” rostrad flexure of the palatopterygo-auadrate bar; 
flpt — flange of pterygoid or posterior vomerine prong?; palz — palatine zone; 
plvc — palatal vacuity; prbfv — prong of bifurcated vomerine fork; prbsp — 
processus basipterygoideus; Dtg — pterygoid; ptaar — pterygoduadrate arthrosis; 
d — auadrate; dar -— auadrato-duadratojugal arthrosis; sdplpm -— sduama 
palatalis ossis praemaxillaris; vplptz -— vomero-palatopterygoid zone. Other 
abbreviations as for previous figures. 


The basipterygoid process in Crypturellus is fully pneumatised. 'The 
basipterygoid synovial cavity has flat walls covered with cartilage. The guadrate 
may be observed lying dorso-lateral to the pterygoid. W. K. Parker (op. cit) 
remarked upon the peculiar configuration of the pterygo-duadrate articulation 
in Tinamus robustus (p. 220); in Crypturellus the arthrosis lies immediately 
posterior to the basipterygoid process and is of the nature of a dorso-ventrally 
disposed synovial cavity. 
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W. K. Parker's (op cit., p. 220) remarks on the Tinamows duadrate contain 
the significant information that the dorsal facet is typically “struthious”, single 
and exactly like that of the Lacertilia. Parker's methods in comparative anatomy 
were often exasperatingly mechanical and purely topographical, as anyone who 
has to read his work will agree. In Crypturellus the dorsal head of the duadrate 
was intact and proved to be single. The neurocranial facet could not be studied 
on account of the dissection carried out by Dr. Craigie. 'T. J. Parker's (op. cit, 
p. 193) methods in comparaftive anatomy were more modern than those of his 
father, and his conclusions more illuminating. He mentions the presence of a 
dorsal “cingulum” projecting backwards above the external mandibular condyle 
as being highly peculiar. Aftention is called to the similarity of the pterygo- 
duadrate articulation with that of the moa Dinornis, and the same applies to the 
mandibular condyles. 'T. J. Parker knew the moas extremely well and wrote an 
excellent monograph on them (1895). Unfortunately he does not state explicitly 
what 'Tinamou material he used for his comparative conclusions; probably 
skeletons of Tinamus robustus, the same birds used by his father, W. K. Parker, 
were utilised by the son, but one cannot be sure. 


THE ORAL ROOF AS A WHOLE 


Fig. 5 represents a reconstruction true to scale of the ventral surface of the 
oral roof. No attempt has been made to shade depressions or to indicate twisting 
of individual bones, whose ventrally visible outlines alone have been plotted in 
the reconstruction. j 

It will be noticed immediately that the palatoduadrate bar is flexed inwards 
toward the rostrum as in the so-called Carinatae. Even in the hoatzin 
(Opisthocomi), this fiexure is typically present and typically avian in spite of 
W. K. Parker calling the hoatzin “reptilian”. (Cf. W. K. Parker, 1891, P1. 58, No. 1.) 
In the ostrich the palato-pterygo-duadrate bar is the straightest in any bird 
known to me and runs duite parallel to the rostrum. Pycraft in his. work on 
the “Palaeognathae” accents not so much the absence of the flexure of the bar 
towards the rostrum as the absence of a palatopterygoid arthrosis so typical of 
birds higher than the Tinami. In the drawing of the reconstruction of the oral 
roof of Crypturellus the deep bay which may be assumed to mark the palato- 
pterygoid boundary appears to touch the rostrum but in reality the latter is 
widely separated dorso-ventrally from the visceral oral roof, as transverse 
sections reveal. One is tempted towards the conclusion that this condition is a 
secondary derivative of T. J. Parker's “neognathic” pattern, but according to 
the account Lambrecht (op. cit.) gives of fossil Tinami, craniological data are not 
` available. In the absence of any palatopterygoid articulation and in view of 
the synostotic continuity of the palatine and the pterygoid the Tinamine skull 
must be considered as dromaeognathic (Huxley) or palaeognathic (Pycraft). In 
this type the pterygoid is furthermore supposed ty effect contiguity with the 
vomer, but in the ostrich this is by no means the case, and in the Tinamou it 
reed not obtain, although it may be true. 'The adnmlt Crypturellus certainly does 
not possess a suturally marked pterygo-vomerine boundary. 'The inward flexure 
of the pterygo-duadrate bar is furthermore no monopoly of non-Dromaeognathae, 
as it also occurs in Rhea and Crypturellus, but not in Struthio and Apteryx. It 
is, however, duite impossible to say whether in Crypturellus the vomer partially 
or wholly prevents the primary upper jaw from touching the rostrum. 
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The pterygoid portion of the bar has a spur lying close to the oral ectoderm 
but separated from the rostrum. In Struthio the pterygoid has a very large 
rostral flange, which is, however, situated near the posterior end of the bone. 
Histological and detailed topographical details regarding the relations of this 
flange to the rostrum and the oral ectoderm in the ostrich are not available. 
Tinamus robustus has a pterygoid devoid of any bony processes. (CI. W. K. 
Parker, 1866, Pl. 40, Fig. 1) 'The pterygo-guadrate articulation in Crypturellus 
is guite flat and not of the nature of a “trochlea” such as W. K. Parker described 
for Tinamus. 'The pasipterygoid processes are very much in evidence in trans- 
verse sections and their articulatory facets with the pterygoid are duite straight 
and flat. 'The processes themselves are fully pneumatised. 

Posteriorly the pterygoids are widely separated from the vomer; anteriorly 
the pterygo-palatines pass insensibly into the processts maxillo-palatini ossis 
masxillaris, and anterior to the suppositious palatopterygoid boundary they are 
in synostosis with the posterior vomerine prongs. The bone is devoid of fenestrae 
such as in Tinamus. 

The vomer is very large as in dromaeognathic types and is forked both 
anteriorly and posteriorly. 'The anterior prongs fringe the anterior unpaired 
palatal vacuity, appearing in the norma ventralis medial to the pars palatalis of 
the premaxillary. 'The histological relations of vomer, maxillo-palatine process 
and p. palatalis of the premasxillary have already been discussed. 'The anterior 
blunt tip of the rostrum appears in the norma ventralis between the anterior 
vomerine prongs. 'The vomer itself can glide over the rostrum ventrally as in 
the ostrich, in which the bone is, however, much smaller. Unfortunately the 
details of the vomer are not clearly indicated in W. K. Parker's figure of Tinamus 
(op. eit.), but the description agrees with that given above for Crypturelfus. 


The kinesis of the skull of Crypturellus must be of a very restricted nature, 
as in the other dromaeognathic types; a dried Apteryx skull in my possession 
seems to lack any sort of kinesis whatsoever, but even in the ostrich there can be 
very little movement resulting in the lifting of the beak in the well-known 
mesokinetic fashion. Tt is important to understand the mechanism in the 
ostrich, as it has obvious bearings upon the tinamou pattern. 


The dorsal rotation of the beak in Struthio is impeded by several anatomical 
peculiarities, chief of which is the synostotic continuity of the mesethmoid and 
orbitosphenoid ossifications resulting in the establishment of a rigid septal 
apparatus stretching between the orbital and nasal regions. Birds difer 
profoundly from living -reptiles such as lizards as regards the degree of incorpo- 
ration of the nasal capsules into the pony brain capsuld. In lizards the planum 
antorbitale is weak and bar-like, whereas in birds the orbitosphenoidal region 
passes insensibly into the region of the septum nasi. .In the ostrich the 
mesethmoid may even appear on the dorsal surface. 

Tt therefore stands to reason that if birds are to be mesokinetic at all, the 
trabeculo-capsular entity must become discontinvous (Anas) or the membrane 
bones of the nasal region must be “lifted off” the mesethmoid when the beak is 
being raised. In the ostrich “fracturing” of the septal apparatus does not OEEUT, 
conseguently the other alternative must be observed, as it, in fact, is. What the 
histological relations of the dermal bony beak to the anterior tip of the septum 
are, we do not yet know. But the bony roof is provided with a ventral groove 
into which the dorsal rim of the septum fits, and presumably the gape between 
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these bony entities, in the form of a V with its apex directed posteriorly, is filled 
With connective tissue of a ligamentous nature. 


When the m. orbitoguadratus contracts, it shifts the duadrate forwards and 
downwards, the pterygoid tends to execute the same movements and slides over 
the basitrabecular process, the flanges gliding over the rostrum, which they all 
but touch. Since the palatine is actually fused with the pterygoid behind and 
very firmly cemented to the processus maxillo-palatinus, the movement exerted 
upon the pterygoid will be transferred to the vomer, which is also frmly 
cemented to the pr. maxillo-palatinus and to its fellow on the other side, although 
the sutures have not been obliterated. 'The size of the vomerine trough clasped 
between the processês maxillo-palatini varies considerably in ostrich skulls, put 
never does it effect contiguity with the pterygoid. It glides forwards and 
backwards over the thickened ventral septal] ridge, but has no active part in the 
mesokinesis, which is effected solely by the anchylosis of the masxillo-palatine and 
the processus palatalis ossis praemaxillaris. 'The tip of the premaxillary sends 
of a typical dorsal, unpaired process which is underlain by the nasals; when, 
therefore, the snout is lifted, the mesokinetic #lexure lies within both 
praemaxillary and nasals, these bones being lifted of the anterior tip of the 
septum. But the mesokinesis must be very restricted, for it is being constantly 
impeded by the presence of the vomerine trough below the septum. Possibly the 
amount of dorsoventral rotation of the beak is greater than would appear, since 
the vomerine trough is not only slid forwards, but its hinder rim is in addition 
slightly depressed. 'This would be impossible were the trough not as widely 
open above as it actually is. 'The duadratojugal-jugal bar, of course, is also 
articulated with the duadrate, and the slender jugal is firmly cemented to the 
maxillary, there being no diarthrosis at this point as in the case of extreme 
mesokinesis (Psittacus), in which the temporal arcade appears to be the chief 
levering apparatus of the snout. It is possible that excessive dorsal dislocation 
of the masxillo-jugal region is eliminated by. the peculiar peg-like eztension of 
the lacrimal reaching down to within a short distance of the maxillary. In 
the Dinornithidae guadratojugal-jugal tipping up of the maxillary was apparently 
non-esistent. (Cf. T. J. Parker, 1895, Pl. 56, Fig. 3) In higher birds with a 
guasi-mesokinetiec joint the lower temporal arcade is mainly responsible for the 
rotation of the beak. 'The kinesis of the Crypturellus skull resembles that of the 
ostrich discussed above very closely, but, as in the Dinornithidae, the lacrimo- 
masxillary strut further impedes the lifting up of the beak; ' there is little 
difference in the preorbital configuration of Crypturellus from that of Tinamus. 
(Cf. W. K. Parker, 1866, Pl. 40, Fig. 8) Although, therefore, the Crypturi, as 
indeed all birds, are streptostylic, the Dromaeognathae are very weakly kinetic, 
in spite of the completeness of the apparatus for lifting the beak and widening 
the oral aperture. Apparently the diminished kinesis of birds is associated with 
the elimination of a widening of the oral gape when chasing fast-running prey. 
No bird, however, can slide the cranial roof over the otic capsules when lifting 
the beak, as the Lacertilia are able to do, so that in any case the kinesis is not 
of much use to them, except in such cases as the parrots, in which the tipping 
agent is mainly the lower temporal arcade. It may, however, be of advantage tO 
birds to lift up the primary upper jaw and thus to enlarge the oral cavity. In 
the .ostrich this is manifestly of a very restricted nature on account of the 
presence of rostral flanges on the pterygoids and of the vomerine rostral sheath. 
But in Crypturellus the lifting up of the primary upper jaw can be effected, and 
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apparently to great advantage to the bird. It is interesting to compare the 
condition in Gymnophiona in this connection. In the opinion of the author 
these Amphibians possess a kinesis restricted to a lifting of the primary upper 
jaw by means of the m. levator guadrati, since the guadrate is monimostylic. 

According to Pycrafts work on the “Palaeognathae” (op. cit.) the frontals in 
the Crypturi are ““deeply notched, being cut away to within a short distance of 
the interorbital septum?” (p. 176). In W. K. Parker's norma dorsalis of the skull 
of Tinamus robustus (1866, Pl. 40, Fig. 2) the same peculiarity is indicated. As 
already mentioned above, this region is not represented in sections. of 
Crypturellus, but in any case it lies too far back to be of any importance for the 
kinesis of the skull. ) 

Pycraft (1898—1901) states the following: “In the 'Tinamidae we have an 
intermediate stage between the Palaeo- and the Neognathae. 'The vomer is 
undoubtedly relatively shorter posteriorly than in Rhea, its free end lying midway 
between the level of the antorbital plate and the basipterygoid process. 'The 
pterygoid has increased in length, so that the vomer and palatine articulate with 
its distal extremity only” (p. 207). On account of the mutual fusion of bones in 
Crypturellus it is difficult to verify this statement. An attempt to establish a 
more intimate rclationship of the Crypturi with any other order of birds can 
hardly be very useful or real. 1% is sufficient to indicate the approzimation of 
the Crypturan palate to that of non-dromaeognathic orders like that of the 
Galli, as W. K. Parker (1866) has already done. 'The modern morphologist is 
more careful in his conclusions and contents himself with the indication of a 
comparative anatomical transitional stage, particularly in a group like the birds, 
in which the fossilised remains have thrown scanty light upon the internal 
diferentiation of the class. 

In summing up the evidence emerging from the study of the oral roof of 
Crypturellus it can definitely be stated that Huxley, W. K. Parker and others 
were right in referring the COrypturan palate to the type encountered in the 
Struthiones, Rheae, Casuarii and Apteryges (including Dinornithidae). It is 
not necessary in so doing to commit oneself to a monophylogenetic view of 
“Dromaeognathae” or “Palaeognathae”; it is sufficient to ascertain the “so-sein” 
in the spirit of Luboscims ideal of the comparative anatomist (1931), and to 
establish the necessary étappe connecting the much debated lower orders of 
birds with non-drémaeognathic groups. Strangely enough, Lowe, who has 
bravely advocated the monophyletic origin of the “Palaeognathae” (a term he 
habitually employs) has ostracised the 'Tinamous from this group, because the 
Crypturi present too great a mixture of characters, including some that are 
apparently “palaeognathous but not necessarily struthious” (!) 'The Crypturi, 
according to Lowe (op. cit, p. 186) “are almost exactly intermediate in fact 
between the two” (ie. the Palaeognathae and the Neognathae). On D. 94 
(op. cit.) Lowe expresses the opinion that the Tinamous are the first tentative 
results of specialisation towards the attainment of flight, the true “struthious” 
birds being considered as primarily flightless. Lowe's treatment of the Ratitae 
problem is in one important respect much in advance of anything that has been 
written upon the subject previous to the publication of the paper in auestion, 
inasmuch as the author admits that the “Palaeognathae” have arisen as the 
result of “a primitive arrest of development, which can only be explained on the 
hypothesis that as a group or phylum they failed at the very outset to attain to 
the full fruition of avian development” (Lowe 1935, p. 190). 'The statement is 
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complemented by a conception of avian evolution which for the “Palaeognathae” 
can only be described as either never having proceeded much beyond an 
embryonic or early stage in avian evolution or as being frankly reptilian. Lowe's 
new work (1942) brings additional anatomical data bearing upon the mono- 
phyletic origin of the “Struthiones” advocated, as set forth on pp. 14—I18 
(op. cit. 1942). Perhaps the author is inclined to attach too much value to the 
common characteristic of neoteny as indicative of a monophyletic origin. In 
view of the organisation of Urodela, especially perennibranchiate forms, the 
conclusion is more than doubtful, since neoteny is in itself a specialisation. 
Hynobius among Urodela is perhaps the least neotenic form and conseguently 
the most primitive, since we know nothing about the terrestrial, non-neotenised 
ancestors of perennibranchiate forms. 'To my mind the ostrich cranial roof is 
so different from that of other dromaeognathic birds, that it is inconceivable 
that these latter can be a truly monophyletic group. 

Finally it is interesting to call attention to the conclusions regarding the 
affinity of the Tinami reached by Craigie working on the cerebral cortex of 
these birds (1940 a). On p. 325 of the cited work he states: “The resemblance of 
the cortex in tinamous to that in Ratite birds is fully in keeping with their 
inclusions in a single group, the Palaeognathae.” Craigie apparently considers 
the common ratite features truly primitive and not an “end product” due to 
the loss of flight. In a second work published in 1940 (1940 b) Craigie seems to 
accept the primitiveness of dromaeognathic birds, but stresses the unity of 
cortical pattern in birds as a class and discards the hypothesis that 
dromaeognathic and adromaeognathic birds have taken a separate origin from 
reptiles. It is most interesting to find a neurologist like Oraigie supporting the 
craniological distinction suggested by Huxley as far back as 1866. Eaually 
interesting is Craigie's confirmation of the dromaeognathic affinities of the 
Tinamous, which bear very little external resemblance to such large flightless 
birds as the ostrich or the nandu. 


SUMMARY 


1. 'The oral roof of Crypturellus is “dromaeognathic” according to Huxley's 
Criterium and 'palaeognathic” according to that of Pycraft. Tt is not 
possible to test the validity of Lowe's dictum (op. cit, p. 282) “that the 
vomer and pterygoid of their side unite posteriorly”. 

9. 'The oral roof has fairly large partes palatales ossis praemaxillaris. 

3. The anterior prongs of the vomer are all but fused with the corresponding 
processis maxillo-palatini ossis maxillaris. 

4. There is very incomplete— if any — demarcation of palatine from the 
masxillo-palatine process of the maxillary. 

5, The posterior vomerine prongs effect synostosis with the maxillo-palatine * 

palatine bar. 

'There is no actual histological proof of a pterygo-vomerine synostosis. 

The vomers are very large and pronged anteriorly and posteriorly. 

The pterygo-guadrate facet is flattened and situated close behind the 

processis basipterygoidei. 

9. The rostrum is comparatively blunt anteriorly; posteriorly it passes into a 
smooth pneumatised basal bone bearing the basipterygoid processes. 
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10. There are three cartilaginous tracts representing Spurgat's cartilagines 
paraseptales; of these one pair is apparently homologous with those of 
Lacertilia, while the other two are additional vestiges of the avian solum 
nasi. 

11. The skull seems to be very weakly kinetic in spite of possessing the 
complete avian kinetic apparatus. 

19. The rostral flexure of the pterygo-palatine is reminiscent of the non- 
dromaeognathic condition, but is also represented in other dromaeognathic 
birds, e.g. in Rhea,. 

13. The configuration of the bony oral roof affords ample justification for 
retaining the COrypturi within the dromaeognathic “Formenkreis”. 
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WITH SPECIAL REFERENCE TO THE 


ERANEMIE KINES IG 


by 
R. VAN PLETZEN, M.Sc. 


ABSTRACT 


The Cordylidae are usually classified under the Anguimorpha, a section of 
the Autarchoglossa, although certain characters, e.g. the small postfrontal and 
large postorbital, the cartilaginous rostrum between the cupolae of the nasal 
capsule present in Chamaesaura, etc. suggest that this family should be placed 
under the Iguania, a section of the Ascalabota. 'The skull is amphikinetic. 'The 
maxillary segment is capable of sliding over the occipital segment, thus 
displayineg metakinesis, while the mutual relations of the dermal bones of the 
osteocranial roof in the region of the mesokinetic “Beugungslinie” and the loose 
processus cultriformis parasphenoidei show that considerable flexure is possible 
in this region. A lacrimal is present and together with the prefrontal it forms 
a bony capsule for the ductus nasolacrimalis. 'The prootic possesses a bony 
Sduame, simulating an additional os investitiens in the temporal region. 


[Jaargang XXIV, Reeks A, No. 3 (1946)] 
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In his “Lizards of South Africa” (1948) Fitzsimons reinstated the name 
“Cordylidae” for the “Zonuridae”, first proposed by Gray in 1845 and also used by 
Subseguent workers, such as Cope and Boulenger. 'The family includes four 
genera: Cordylus, Chamaesaura, Pseudocordylus, and Platysaurus, with a large 
number of species and subspecies. 'The Cordylidae are characteristically South 
African, being confined to Africa South of the eguator, owing to which fact 
Hewitt (1917) considered it highly probable that the family actually arose in 
Southern Africa. 

The genus “Cordylus” was first instituted by Laurenti in 1768 (Fitzsimons, 
op. cit). Fitzsimons reinstituted Laurenti's generic name “Cordylus” in 1943, 
after various authors proposed other names for the genus. 'The adult specimen 
of Cordylus, curiously enough, was captured in the Caledon district, high up in a 
tree by Prof. De Villiers, and was identified as Cordylus polyzonus (c.f. Loveridge, 
1944). 'The material was fixed in 10% formol, decalcified in Ebner's solution for 
three weeks and bulkstained in haemalum. 'The sections (20u) were counter- 
stained in van Giesoms solution. 'The illustrations of the skull and nasal capsule 
were prepared from graphic reconstructions, made with the aid of the Panphot 
projection apparatus. For comparison a Platysaurus species was used. 
Unfortunately only sections of the nasal region were obtainable. 'This specimen 
was microtomized and stained in Azan by Miss Malan. I also had at my disposal 
serial sections of a late embryo, supplied by Dr. E. de Jager of the University of 
Cape Town. 


OWN INVESTIGATIONS 


Nasal capsule and associated structures: The cartilaginous nasal skeleton is 
essentially the same as that of Lacerta agilis described by Gaupp in 1900. 
Figure III is a ventral reconstruction of the nasal capsule; each cartilago cupolaris 
is dome-shaped and is pierced medially by the foramen apicale. After entering 
the nasal capsule through the fissura orbitonasalis, the nervus profundus V 
divides into a ramus lateralis nasi and a ramus medialis nasi. 'The former turns 
laterally below the tectum nasi and eventually emerges from the foramen 
epiphaniale, situated near the dorsal side of the aditus conchae, to innervate 
the glandula nasalis lateralis. 'The ramus medialis nasi runs forwards lateral 
to the septum nasi, pierces the medial part of the septomazillary and emerges 
through the foramen apicale. In Cordylus and Platysaurus the septum nasi 
is not prolonged anteriorly as in Chamaesaura (Du Plessis, in press), in which 
such a prolongation forms a wedge-like rostrum ensheathed by the fused 
premaxillaries. 

A processus alaris inferior is present and forms the ventral border of the 
fenestra narina. In Lacerta agilis (Gaupp, op. cit.) the processus alaris superior 
divides the fenestra narina into anterior and posterior portions through the 
1atter of which the duct of the glandula nasalis lateralis communicates with the 
olfactory sac. In Chamaesaura (Du Plessis, op. cit.), Cordylus and Platysaurus 
the duct of the glandula nasalis lateralis passes into the olfactory sac through 
its own foramen, which has probably been formed by the fusion of the processus 


plpar 


pmpar 
Supt 


FiG. 1: Graphic reconstruction of skull, dorsal aspect (X€ 7). 
cc — cartilago cupolaris; fr — frontal; jug — jugal; mx — maxillary; na — nasal; 
par — parietal; plpar — processus lateralis of the parietal; pmpar — processus 


- medialis of the parietal; pmx — premaxillary; bof — postfrontal; poo — 
postorbital; prf — prefrontal; dua -— @guadrate; sg -— sduamosal; suplat -— 
supraorbitale literale; supmed -— supraorbitale mediale; supt — supratemporal; 


suptfos — supratemporal fossa. 


ppar 


F1G. IT: Graphic reconstruction of the skull— ventral aspect (X '). 
bao — basioccipital; bc — basisphenoid - parasphenoid; cho — choane; chon — 
chondrocranium; csut — cartilaginous suture; ept — bony epipterygoid; este — 


— fenestra in basis cranii; intc — inter- 


extracolumella; exo — exocecipital; fen — 

calary; mpt — meniscus pterygoideus; pal — palatinum; pbpt — processus 

basipterveoideus; pcult — processus cultriformis; pint — processus internus; 

ppar — processus paroticus; pro — prooticum; Dt — pterygoid; st — stapes; 
For other references see Fig. I. 


tv — transversum; vo — vomer. 
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alaris superior and the anterior edge of zona annularis (Du Plessis, op. cit.). 'The 
side wall of the nasal capsule in front of the concha is fairly incomplete, owing 
to which circumstance the ventro-lateral part of the zona annularis is somewhat 
attenuated. 

The posterior edge of the lamina transversalis anterior is produced barkwards 
as two cartilaginous processes, the lateral one, the cartilago ectochoanalis, 
extending backwards ventrally to the concha. In the Gaupp-Ziegler model of 
the embryo of Lacerta agilis the medial process, the cartilago paraseptalis, is a 
narrow strip of cartilage, stretching from the postero-medial angle of the lamina 
transversalis anterior, and its posterior end is fused to the ventro-medial corner 
of the planum antorbitale. 'This condition, however, does not obtain in Cordylus 
and Platysaurus. In Gerrhosaurus (Malan, op. cit.) each paraseptal consists of 
anterior and posterior portions. In Cordylus the posterior portions are present, 
and each portion is prolonged anteriorly from the ventro-medial angle of the 
planum antorbitale for about half the length of the septum nasi. 'The anterior 
portion is probably represented by a short piece of cartilage arising from the 
extreme medial corner of the lamina transversalis anterior, in front of its zone 
of fusion with the septum nasi. In Platysaurus, Chamaesaura and the embryo of 
Cordylus this piece of cartilage is not present, and is apparently of no signifi- 
cance. 'The paraseptals are entirely absent in Chamaesaura, whereas in 
Platysaurus only the posterior part of each paraseptal is present, as in Cordylus. 
The ventro-lateral corner of the planum antorbitale bears two processes: of 
these, the processus maxillaris anterior is short, lies ventral to the ductus 
nasolacrimalis and is anteriorly directed; the other, the processus maxillaris 
posterior is long, posteriorly directed and lies ventral to the processus ventralis 
of the prefrontal and dorsal to the processus palatinus of the maxzillary. 

The vestibular region of the nasal passage (“Vorhofzone”: Fuchs, 1908) is 
surrounded by erectile tissue apparently developed in most lizards. According 
to Hoffman (1890) the .fibres of the erectile tissue are of the elastic type, but 
Lapage (1928) expressed the opinion that they are smooth muscle fibres inter- 
spersed with bloodsinuses in connective tissue. Malan (in ms.) is of the opinion 
that in Lacertilians these muscles are differentiated in the cutis layer, which is 
therefore both desmogenic and myogenic. 'The blood lacunae in the erectile 
tissue are apparently supplied by the a. orbitalis, but nothing could be seen of 
the innervation of the erectile tissue, as dermal muscles are not clearly defined 
from the surrounding connective tissue. 

The anterior lower part of the septum nasi is flattened out laterally, thus 
forming a ridge on which the antero-medial part of the septomaxillary rests. 
Immediately. dorsal to the antero-medial part of the latter is situated a small 
ventrally directed process, arising from the dorso-lateral side of the septum nasi, 
anterior to the fusion of the latter with the medial side of the cupola. 'This 
process is absent in both Platysaurus and Chamaesaura, and as it has not been 
described in any other Lacertilian, Cordylus is apparently the only genus 
hitherto investigated, which possesses it. 


The Organ of Jacobson: This organ is encased in a capsule partly bony and 
partly cartilaginous (Fig. IV). 'The zona annularis (Gaupp, op. cit) forms the 
floor of the anterior half of the organ; in this region the zona annularis forms 
a small cushion (pilzférmiger Wulst — Gaupp) situated in the centre of the floor 
of the organ. Behind the opening of the organ the vomer forms the bony solar 
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Fc. TT: Graphic reconstruction of cartilaginous nasal capsule, ventral aspect. (Xx 15). 


cco — concha; cect — cartilago ectochoanalis; cpar — cartilago paraseptalis; 

cpl — cartilaginous plexus; csphen -— commissura sphenethmoidalis; pai — 

processus alaris inferior; plant — planum antorbitale; pmp — processus maxillaris 

posterior; sn — septum nasi; tn — tectum nasi; za — zona annularis. For other 
` references, see previous figures. j 


division of the capsule. In Gerrhosaurus (Malan, op cit.), Platysaurus, and 
Chamaesaura (Du Plessis, op. cit.) the septomaxillary is laterally and medially 
forked, the ventrally directed laminae thus forming part of the lateral and medial 
walls of the capsule. In Cordylus, however, the septomaxillary is not forked; in 
this genus the medial wall of the capsule is formed exclusively by the vertical 
portion of the vomer, except for the antero-medial corner, where the ventral side 
of the septum nasi takes part in the formation of the medial wall. Laterally 
the anterior half of the capsule is formed by the cartilage ectochoanalis, whereas 
behind the opening the trough-shaped vomer forms the floor and lateral wall 
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PFic. IV : Transverse section through the organ of Jacobson. 


aci — arteria carotis interna, cpara — anterior portion of the cartilago parasep- 
talis, npal — nervus palatinus VII, rmn — ramus medialis nasi, spmx — septo- 
maxillary, vp — “Vomerpolster”. 

For other references see previous figures. 


of the capsule. In Cordylus the organ also has a posterior cartilaginous support, 
in the form of isoiated nodules of cartilage, situated between the medial portion 
of the septomaxillary and the vomer (Fig. IIT). Malan (op. cit) has described 
2 somewhat similar structure in (Gerrhosaurus, Lacerta and Mabuia. In 
Gerrhosaurus the nodules are represented by a continuous network of cartilage, 
continuous with the anterior paraseptal cartilage, and the author has interpreted 
this network as “a local development of the cartilago paraseptalis for 
strengthening the posterior wall of the organ of Jacobson and particularly for 
the protection of the nerve fibres innervating the organ.” Tn Cordylus, 
Platysaurus and Chamaesaura (Du Plessis, op. cit.) the structure is present but 
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not continuous with the anterior paraseptal, as the latter is absent in Platysaurus 
arid Cordylus, while Chamaesaura (Du Plessis, op. cit) lacks all traces of the 
paraseptals. In a late embryo of Cordylus the nodules referred to above are in 
Aa procartilaginous condition, proving that they develop late in ontogeny. 


The filling of the organ of Jacobson with fluid from the buccal cavity is 
brought about in the same manner as described by Broman (1919) for the 
Lepidosaurians. Broman, however, did not fully describe the important part 
the vomers play in the filling mechanism, which is apparently brought about in 
the same manner in all Lacertilians. In the region of the organ the vomer is 
trough-shaped, consisting of a vertical lamella, reaching to the ventral side of 
the septum nasi, and separated from it by a lymph cavity, and a laterally 
directed lamella, the anterior part of which lies ventral to the zona annularis 
and the posterior part, forming the floor of the capsule. Below the septum 
nasi the vertical lamellae of the vomers form a trough, filled with loose connective 
tissue, fairly dense strands of which attach the dorsal tips of the vertical 
lamellae to the ventral surface of the nasal septum. 'The “Vomerpolster” 
(Gaupp, op. cit.) lies on the dorsal surface of the laterally directed lamella of the 
vomer, and is attached to the latter by a few strands of extremely thin 
connective tissue. Pressure exerted on the palate results in the dorsal displace- 
ment of the vomers, this being made possible by the above-mentioned relations 
of the vomers to the septum nasi and cartilaginous Zona annularis. 'The vomers 
then convey the pressure to the cartilaginous zona annularis and “Vomerpolster”, 
thus effecting a narrowing of the organm's lumen and a discharge of its contents 
into the buccal cavity. By release of pressure the floor of the capsule rTegains 
its normal configuration, and fluid is once more sucked into the lumen from the 
buccal cavity. Broman (op.cit) has described fieshy prominences in the buccal 
cavity of some Lepidosaurians, facilitating the reception of pressure exerted on 
the palate. Such prominences are situated medially to the openings of the 
organs in the buccal cavity; they are fairly well developed in Cordylus and 
Platysaurus, whereas Young (1942) has described similar structures in Xantusia. 
According to Broman (op.cit) the ductus nasolacrimalis of Lacertilians opens 
into the duct of Jacobsom's organ, thus supplying fiuid for the filling of the 
organ. ln Cordylus, Platysaurus and Chamaesaura (Du Plessis, op. cit.) this 
duct opens into the “Choanenrinne” of Fuchs (1908). 


Glands of the bueccal cavity: 'The most comprehensive work on the 
Lacertilian oral glands is that of Hibner (1937), but all essential details are to 
be found in Fahrenholzis account (1937) in Bélk-Gêppert; the nomenclature 
there adopted will be adhered to in the following description. 


The secretory cells of the glandulae linguales are typical goblet cells, 
situated in crypts on the dorsal surface of the tongue. Similar conditions obtain 
in Chamaesaura (Du Plessis, op. cit.) and Platysaurus. Of the lip glands only 
the glandulae labiales imferiores are present in Cordylus. 'These are large 
polystomatic glands, lying lateral to the teeth, and stretch backwards from 
the symphysial region of the lower jaw to the orbital region, opening at intervals. 


The glandulae labiales superiores do not occur in Cordylus but are present 
in Sphenodon, Chamaeleons and snakes and a few Lacertilians, e.g. Amphisbaeni- 
dae and one genus of Agamidae, Uromastix. According to Fahrenholz (op. Cit.) 
these glands have not been found in other Lacertilians investigated. 
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The glandulae mandibulares mediales are large well-developed glands 
situated behind the symphysial region on the floor of the oral cavity; they are 
polystomatic and open under the tongue. Anteriorly the glands on either side 
are closely approsimated to one another, and show a tendency to fuse. 

The glandulae mandibulares laterales are small glands lying lateral to the 
medial glands on the inner side of the teeth. In Chamaesaura (Du Plessis, op. 
cit.) these glands are apparently absent, or possibly fused to the medial glands. 

The glandulae crico-arytaenoideae are absent in the Cordylidae (Fahrenholz, 
Op eit.). 

The glandulae vomerales anteriores are situated in the “primary palate” of 
Fuchs (op. cit). 'They are paired, well-developed glands stretching from behind 
the masxillary teeth to the opening of Jacobsoms organ. 

Immediately behind the opening in the oral epithelium are a number of 
erypts, lined with goblet cells. These crypts, represent weakly developed 
glandulae vomerales posteriores. Similar conditions were found in Platysaurus 
and Chamaesaura (Du Plessis, op. cit.. 

The glandulae sphenopterygoideae are likewise small and represented by 
two hnarrow areas of glandular epithelium situated on the lateral wall of the 
“Nasengaumenspalte” (Fuchs, op. cit). In following the sections backwards the 
-glandular patches turn laterally, eventually lying lateral to the pterygoids and 
palatines. j 


Orbitotemporal region of the chondrocranium: In most Lacertilians the 
sidewall of the chondrocranium in this region is reduced to a number of slender 
transverse and vertical cartilaginous bars; in the Scincidae and Amphisbaenidae, 
however, the cartilage disappears, being partly or entirely replaced by bone. A 
detailed description of this region is unnecessary since Gaupp (op. cit.) discussed 
this region in Lacerta agilis. Further comprehensive studies are those of Rice 
(1920) on the skull of Eumeces, and Hafferl (1921) on the gecko Platydactylus 
annularis. 'The structure of this region in Cordylus is exactly similar to that of 
Chamaesaura (Du Plessis, op. cit.) and essentially the same as that of Lacerta 
(Gaupp, op. cit). In Cordylus and Chamaesaura the pila prootica is absent and 
that part of the taenia tecti medialis forming the dorsal border of the fenestra 
prootica in Lacerta is reduced to a short, posteriorly directed process. 'The 
fenestra prootica and fenestra metoptica thus become confiuent, a condition 
also occurring in Eumeces (Rice, op. cit.), the gecko Platydactylus (Hafferl, op. cit.) 
and apparently also in Pachydactylus (Brock, 1982). In Cordylus and Chamaesaura 
the pila metoptica is ossified, forming the small orbitosphenoid, as in Lacerta 
(Gaupp, op. eit.). 


Membrane bones of the skull: In Cordylidae the premazillaries are fused, 
but paired in some Scincidae (Kingman, 1982, De Villiers, 1938) and in some 
Geckonidae. On the ventral side of the premaxillaries are situated anteriorly 
and posteriorly directed palatal processes, fused anteriorly but separated 
posteriorly by connective tissue. Dorsally the short processus nasalis (E1-Toubi, 
1938) of the fused premasxillaries eztends backwards between the nasals and the 
cartilagines cupolares. 'The processus nasalis overlaps the nasals medially, but 
is separated irom them by means of dense connective tissue. 'The anterior tips 
of the premaxillaries are pierced by the foramina apicalia for the rami mediales 
nasi V. 
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The mazillaries form the lateral borders of the upper jaw. 'Their anterior 
portions ventral to the cartilagines cupolares and nasal septum overlap each 
other for a short distance. Each maxillary possesses a well-developed dorsal 
process, stretching from the region of the organ of Jacobson to the orbit, 
entirely overlapping the lacrimal and the anterior part of the prefrontal. 'The 
processus dorsalis also forms the ventral border of the orbit. A medially 
extending ledge, the processus palatinus ossis maxillaris (Gaumenplatte) forms 
the lateral border of the palate and supports the anterior part of the vomer, the 
lateral lamella of the septomaxillary, the cartilago ectochoanalis and the 
processus maxillaris of the palatine. 'The articulation of the posterior tip of the 
maxillary with the transversum and jugal is similar to that of Lacerta. 'The 
jugal fits into a groove on the dorsal side of the posterior tip of the maxillary, 
and the medial part of the latter in turn rests in a groove in the anterior tip 
of the transversum. Both are attached to the maxillary by means of dense 
connective tissue. The processus dorsales of both maxillaries are pierced by 
numerous foramina for the cutaneous elements of Vb and for the arteria 
maxillaris. 


Primitively the sepiomazillary appears on the norma dorsalis of the skull at 
the postero-lateral rim of the external naris (Williston, 1925). Tn Lacertilia, 
however, it occupies a secondary place, being intimately connected with the 
organ of Jacobson and constituting the entire roof of the organ and the floor 
of the bony nasal capsule (Fig. IV). Medially it rests on a crista, representing 
a thickened ridge of the nasal septum. 'This ridge is also present in Eumeces 
(Rice, op. cit.) eet. but absent in Acontias (De Villiers, op. cit.), and Chamaesaura 
(Du Plessis, op. cit.). In Platysaurus the antero-ventral side of the septum nasi 
appears to be forked, thus forming two ventro-laterally directed ledges, on which 
the antero-medial portion of the septomaxsillary is cemented by means of 
connective tissue. Antero-medially the bone is pierced by the ramus medialis 
nasi, a condition similar to that obtaining in many other lizards. In Platysaurus, 
however, the ramus medialis nasi does not pierce the septomaxillary, but lies 
dorsal to the latter. lLaterally the bone rests on the cartilago ectochoanalis, 
which is inserted between the former and the palatine process of the maxillary. 
The septomasillary in lizards is a pure membrane bone (De Beer, 1937). In 
front of the organ of Jacobson the connective tissue disappears between the 
septomasxillary and the solum nasi, owing to which circumstance Lapage (1928) 
maintained that the reptilian septomaxillary may be preformed in cartilage. 
Malan (op. cit.), however, studied developmental series of the gecko and of the 
snake Leptodeira and proved that the septomaxsillary is a pure membrane bone 
developing in the cutis. j 


The right and left vOmers are not fused. 'The anterior tip of each vomer is 
situated ventral to the mutually, overlapping parts of the maxsillaries. 'The 
vomer is trough-shaped along its whole length; that part of the trough anterior 
to the opening of the organ of Jacobson opens laterally, and the posterior part 
dorsally. Immediately behind the organ the lateral part of the vomer forms the 
medial border of the “Choanenrinne” (Fuchs, op. cit). Posteriorly the vomer 
articulates with the palatine, the anterior tip of the latter lying in a groove on 
the dorsal surface of the vomer. As stated above, the vomer forms a part of 
the skeletal capsule of the organ of Jacobson and plays an important part in 
its filling mechanism (Fig. IV). In the region of the “Choanenrinne” the vertical 
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1amella of the vomer is pierced by a foramen for the a. carotis interna and 
n. palatinus VII. 

Anteriorly the palatine articulates with the dorsal surface of the vomer and 
posteriorly it lies on the anterior tip of the pterygoid (Fig. TM). Tts stout 
processus maxillaris abuts against the processus palatinus of the maxzillary. 
Anteriorly the palatine is trough-shaped, the groove directed downwards, while 
posteriorly it is flattened out and tilted laterally. Each choanal opening is 
bounded behind by the palatines and the “Choanenspalte” (Fuchs, op. cit) is 
situated in the palatine trough. In the Scincidae (De Villiers, op. cit, Kingman, 
op. cit.) this trough is very deeply grooved, but in Chamaesaura and Platysaurus 
the groove is shallower, a condition also obtaining in Cordylus. lImmediately 
posterior to the planum antorbitale strings of connective tissue connect the dorsal 
side of the palatine to a ventral flange of the frontal. In Eumeces (Rice, op. cit.) 
the left and right palatine bones are contiguous. 

Anteriorly the palatine overlaps the slender anterior tip of the pierygoid; 
its antero-lateral process articulates with the transversum in such a way that 
the tip of the former lies in a deep groove on the ventral side of the trans- 
versum. Behind the processus basipterygoideus the pterygoid swings outward 
and appears as a trough, directed medially. Posteriorly the lateral surface of 
the pterygoid and the medial surface of the foot of the duadrate run parallel to 
each other. As in Chamaesaura (Du Plessis, op. cit.) both are covered by thick 
layers of connective tissue, but are separated from each other by a wide space, 
simulating a synovial cavity. According to Du Plessis (op. cit) this suggests the 
possibility of a sliding movement of the pterygoid against the duadrate. 
Approximately midway along its length the medial surface of the pterygoid 
articulates with the processus basipterygoideus, both surfaces being covered by 
cartilagines menisci, which will be described below. In the same region the 
pterygoid has on its dorsal surface a synovial cavity into which the lower end of 
the epipterygoid fits. 

Camp (1923) states that the lacrimal is absent in Cordylidae; in Chamaesaura 
(Du Plessis, op. cit.) it is either absent or fused to the ventral process of the 
prefrontal. In Cordylus and Platysaurus a small bone is present lateral to the 
ductus nasolacrimalis and medial to the processus dorsalis of the masillary, 
which entirely overlaps it. 'This bone can only be the lacrimal (Fig. V). 'The 
processus ventralis of the prefrontal and the lacrimal form a small groove in 
which the ductus nasolacrimalis lies. According to Camp (op. cit) the presence 
or absence of a lacrimal in Reptiles is of no phylogenetie significance. 

Anteriorly the mnasals appear in section as two bony. splints, overlapped 
by the processus nasalis of the fused premaxsillaries, but are separated from 
it by means of dense connective tissue.” In following the sections backward each 
bony splint widens out laterally into a plate, forming part of the bony covering 
of the cartilagines cupolares and of the tectum nasi, thus also Covering the 
fenestra dorsalis. 'The lateral edges of the nasals are overlapped by the processus 
dorsales of the maxillaries; posteriorly they cover the anterior margin of the 
frontals. 

The jrontals are fused medially, and dorsally cover the posterior part of the 
tectum nasi, thus closing the fenestra olfactoria.. As in Chamaesaura (Du Plessis, 
op. cit.) the lateral edges of the #rontal are thickened in the anterio-medial 
corners of. the orbita and they send down two bony flanges on either side of 
the olfactory lobes, medial to the cartilago sphenethmoidalis and lateral to the 
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FIG. V: Transverse section to show the presence of the lacrimal. 


dnl — ductus nasolacrimalis; lac — lacrimal; prdm — processus dorsalis of the 
maxillary; pvprf — processus ventralis of the prefrontal. For other abbreviations 
see previous figures. 


prefrontal. 'These flanges are attached to the dorsal surfaces of the trough- 
shaped palatines by means of dense connective tissue. The frontal and prefrontal 
thus encase the olfactory lobes behind the planum antorbitale, a condition also 
Obtaining in Xantusia (Young, op. cit) and (Gerrhosaurus (Malan, op. cit.. 
Further back, in the region of the planum supraseptale, the ventral flanges of 
the frontal disappear. As in Chamaesaura, the lateral borders of the frontal do 
not develop a ledge for the support of the supra-orbital scales, as in Eumeces 
(Kingman, op. cit.). Posteriorly the frontal articulates with the parietal and 
small postfrontal. 


Postero-laterally the frontal tapers to two short processes, fitting into 
grooves along the antero-lateral sides of the fused parietals (Fig. X). 'The 
above mentioned frontal processes rest laterally on the postfrontals and are 
attached to the parietal by means of abundant connective tissue. Laterally the 
parietal articulates with the large postorbital and small postfrontal, while 
postero-laterally it articulates with the sduamosal (outer bone) and with the 
supratemporal (inner bone), by means of its processus lateralis. Posteriorly the 
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parietal tapers in the median line to a process, resting on a crest of the supra- 
oceipital, but still separated from it by means of connective tissue. 'This medial 
process later splits into two small processes, one on each side of the supra- 
ocecipital erest, which is here produced backwards as a thin supra-occipital spine 
(cf. Gerrhosaurus, Malan op.cit. and Chamaesaura, Du Plessis op.cit). In the 
region of the processus basipterygoideus the parietal possesses a small bony 
flange on its ventral surface, to which the taenia tecti marginalis and the head 
of the epipterygoid are attached by means of strands of ligamentous tissue. The 
parietal foramen is covered by a bony incrustation; in spite of this, the parietal 
eye is well developed but heavily pigmented, rendering it impossible to study the 
finer histological details. A lens and pigmented retina, however, could be 
observed. 

The supraoccipital scales are seven in number, and are arranged in two 
rows: supraorbitale mediale 1, IT, 111 and IV and supraorbitale laterale 1, TT and 
III (Fig. D. 'The medial scales are much larger than the laterals. In 
Chamaesaura they are five in' number, two supraorbitalia medialia and three 
Supraorbitalia lateralia. 

The jugal articulates with the dorsal surface of the mazxillary and forms the 
bony ventral border of the orbit, behind which it turns upward and eventually 
articulates with the ventro-lateral surface of the postorbital (Fig. X). Antero- 
ventrally the jugal possesses a small posteriorly directed process, apparently 
apsent in Chamaesaura, as Du Plessis (op. cit.) has not described it. 

The prefrontal is particularly large, but almost entirely covered by the 
supraorbital scales, while anteriorly it is completely overlapped by the dorsal 
process of the maxillary. This part of the prefrontal lies across the posterior 
part of the aditus conchae. In the region of the planum antorbitale the stout 
processus ventralis of the prefrontal forms the anterior border of the orbit. 
Posteriorly the prefrontal tapers to a slender process lying lateral to the frontal. 

In Cordylus (Camp, op. cit) the postifrontal and mpostorbital are not 
anchylosed, the former being much smaller than the latter (Fig. TD). In the 
Anguimorpha, of which the Cordylidae forms a family, the relations of the 
postfrontal and postorbital vary considerably (Camp, op. cit). 'The postfrontal 
articulates with the frontal, parietal and postorbital; the postorbital articulates 
anteriorly with the postfrontal and jugal (Fig. X) and posteriorly with the 
Sduamosal. 


The temporal region: It is unnmecessary to give a detailed account of the 
controversy concerning the homology of the inner and outer bones of the 
Lacertilian temporal region, as it has been repeatedly discussed by several 
recent workers (De Villiers 1939, Malan 1940, Broom 1935, Brock 1985). In this 
account the nomenclature of Versluijs, perhaps the best authority on reptilian 
skulls, will be adopted: supratemporal for the inner and sduamosal for the outer 
element of the Lacertilian temporal region. 'The single temporal arch of both 
Chamaesaura (Du Plessis, op. cit.) and Cordylus consists of the small postfrontal, 
the large postorbital and the sguamosal. 'The slender anterior portion of the 
latter articulates with the postero-ventral side of the postorbital. Broom (1985) 
figures the skulls of two genera of the Cordylidae (Cordylus vittifer [Zonurus 
vittifer Reichenow of Broom] and Platysaurus guttatus Smith), neither of which 
possesses a supratemporal fossa. In Cordylus polyzonus, however, an extremely 
narrow fossa is present, bounded in front by the postorbital, laterally and 
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F1G. VI: Transverse section through the suspensorial region. 
ao — arteria occipitalis. For other references see previous figures. 


posteriorly by the sguamosal and medially by the parietal, a condition also 
obtaining in Chamaesaura (Du Plessis, op. cit) (Fig. DT). 'The posterior part of 
the sduamosal articulates medially with the processus lateralis of the parietal. 
As in Chamaesaura (Du Plessis, op cit.) both the sguamosal and processus lateralis 
ossis parietalis bend down posteriorly, the former to rest on the dorsal surface 
of the aguadrate to which it is connected by means of ligamentous connective 
tissue. 'The processus lateralis rests on the processus paroticus of the otic 
capsule, being attached to it by means of connective tissue (Fig. VD). Camp 
(op. cit., p. 351) stated that the supratemporal (tabular of Camp) is apparently 
fused to the sduamosal in Cordylus. 'This is not true in the case of Cordylus 
polyzonus, as these two elements are separate from each other. ln section 
the supratemporal first appears as a small bony plate resting on the cartilaginous 
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intercalary and wedged in between the processus paroticus and the duadrate. 
For a short distance the connective tissue between the intercalary and the 
supratemporal disappears, resulting in a slight invasion of the former by the 
membrane bone (Fig. VI). In following the sections backwards the supratem- 
poral then appears as a vertical pillar, wedged in between the sguamosal and 
guadrate laterally and the processus lateralis of the parietal and crista parotica 
medially. No muscle fbres of the temporal muscle insert on the supratemporal, 
owing to which circumstance Brock (1985) and Broom prefer to call this bone 
the tabular. According to Broom (1925) the supratemporal is only present in 
Amphibians and some of the early reptiles, e.g. Diadectidae and Pantylus, where 
it has given insertion to the greater part of the temporal muscle. 'The supra- 
temporal is attached to the surrounding bony elements by means of dense 
connective tissue. 


@uadrate and epipterygoid: The auadrate of Cordylus conforms to the 
Lacertid type (Gaupp, op. cit.). Its ventral end is concave, forming a synovial 
cavity for the articulation with the knob-like articular facet of the articular:. 
The guadrate's head articulates with the processus paroticus of the otic capsule 
and with the supratemporal. COartilage persists at both ends of the bone. The 
large intercalary is in close contact with the supratemporal, and completely fused 
to the ventral side of the processus paroticus. A small synovial cavity is present 
between the head of the dguadrate and the intercalary, and facilitates mutual 
movement between these two elements (Fig. VI). The synovial cavity is absent 
in Chamaesaura (Du Plessis, op. cit.) being replaced by a thin layer of connective 
tissue, indicating a smaller degree of movement of the duadrate. 'The 
epipterygoid, an ossification of the processus ascendens palatoduadrati is a well- 
developed pillar, stretching from the pterygoid to a small ventrally directed 
process of the parietal, and to the taenia tecti marsinalis, to which it is 
attached by means of a strong ligament (Fig. VIT). Cartilage persists at both 
ends of the epipterygoid. Its ventral end fits into a cavity on the dorsal side of 
the pterygoid. In the connective tissue lining the trough are to be found a few 
scattered cartilage cells, separated from the lower cartilaginous epiphysis of the 
epipterygoid by a small synovial cavity (Fig. VID). De Villiers (op. cit) regards 
this cartilage as a derivative of the processus ascendens, whereas Du Plessis 
(op. eit.) regards it as neomorphic cartilage, facilitating movement between the 
pterygoid and epipterygoid. (Cartilaginous remains of the palatoguadrate 
apparently occur in all Lacertilians. The meniscus pterygoideus, articulating with 
the processus basipterygoideus has been homologised with the original processus 
basalis of the palatodguadrate (Howes and Swinnerton). In very early stages of 
Pachydactylus Brock (1932) found that the guadrate and epipterygoid are joined 
by a continuous strand of cartilage, as in Sphenodon. This connection was also 
observed by Broom (1924) for Cordylus, Mabuia and Eremias. In Lophosaura and 
Agama he has described unchondrified remains of this bar in certain embryos. 
In the adults of Cordylus and Chamaesaura (Du Plessis, op. cit) a short rod of 
cartilage on the dorsal surface of the pterygoid represents the structure found 
by Brock and Broom. In a late embryo of Cordylus the rod is still continuous 
with the ventral end of the epipterygoid, although the posterior part of the bar 
has already disappeared. Anterior to the point of articulation of the pterygoid 
and epipterygoid a slender cartilaginous bar is found on the dorsal surface of the 
pterygoid and represents a persistent portion of the processus pterygoideus 
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F1G. VIT: Consecutive transverse sections through the epipterygoid showing: A 
articulation with the pterygoid; B, its articulation With the parietal. 
cep — cartilaginous epiphysis of epipterygoid; ept —epipterygoid; ne — neomorph 
cartilage; sync — synovial cavity; ttm — taenia tecti marginalis. Other abbrevia- 

tions as in previous figures. 
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palatoguadrati. In Cordylus the processus pterygoideus is in synchondrotic 
continuity posteriorly with the meniscus pterygoideus and base of the 
epipterygoid, proving that they all belong to the original cartilaginous 
palatoguadrate. 


Cranial base and otic capsules: Four elements can be distinguished in the 
adult condition: basioccipital, exoccipitals, basisphenoid and parasphenoid are 
fused except for two bony plates, contributing to the formation of the tuberculum 
sphenoccipitale (Fig. VIITD). Malan (op. cit) regards these plates as belonging 
to the basisphenoid, but in an embryo of Cordylus in which the parasphenoid is 
not yet fused to the basisphenoid these plates form the postero-lateral parts of 
the membrane bone, thus proving that the bony sduames present in the adult 
are posterior prolongations of the parasphenoid only.. Further evidence is 
furnished by the relations of the a. carotis interna and n. palatinus VII to the 
cranial base. In the embryo the n. palatinus VII and the a. carotis interna lie 
between the parasphenoid and basisphenoid. Later in the ontogeny, when these 
two elements have fused, the artery and nerve are enclosed in a parabasal canal 
whose dorsal and ventral boundaries are formed by the basisphenoid and 
parasphenoid respectively. The artery and nerve enter this canal dorsal to these 
plates, thus proving that they represent posterior prolongations of the 
parasphenoid, as the nerve and artery lie dorsal to the parasphenoid in the 
parabasal canal, and leave it intramurally in the region of the epipterygoid. 'The 
basis cranii of the adult Cordylus is perforated by an unpaired fenestra, closed 
by connective tissue, and situated between the posterior prolongations of the 
parasphenoid (Figs. IT and VIID. 'This fenestra is apparently a vestige of the 
large fenestra basicranialis posterior, described by Gaupp (op. cit.) in the embpryo 
of Lacerta. In Chamaesaura (Du Plessis, op. cit.) the basis cranii is perforated 
by double fenestrae situated in the same position as in Cordylus. 'The processus 
cultriformis or rostrum parasphenoidale is a long, thin, anteriorly directed 
process of the parasphenoid, and is situated ventral to the fused trabeculae 
eranii to which it is attached by means of dense connective tissue (Fig. ID). In 
Cordylus this, process is not continuous with the parasphenoid. 'This seems to 
have some bearing on the kinesis of the skull, allowing the bending of the 
trabeculae cranii immediately in front of the parasphenoid-basisphenoid complex 
during metakinetic movement, as the rostrum is apparently firmly cemented to 
the fused trabeculae cranii. The anteriorly directed processus basipterygoideus 
arises from the anterior corner of the basis cranii and its cartilaginous 
epiphysis articulates with the meniscus pterygoideus, situated on the 
medial surface of the pterygoid. A large synovial cavity is present 
between the meniscus pterygoideus and the cartilaginous epiphysis (Fig. VID. 
Du Plessis (op. cit.) stated that the boundary between the hbasioccipital 
and basisphenoid could not be ascertained for either Cordylus or Chamaesaura. 
In Cordylus this boundary is actually present but can only be seen in a few 
sections. The bony labyrinth is made up of three elements, the supraoccipital, 
exoccipital and prootic, the latter constituting its principal component. 'The 
supraoccipital forms the upper part of the otie capsule, whereas the exoccipital 
forms the whole of the crista parotica and the posterior portion of the otic 
capsule. Strips of cartilage persist everywhere in between the component bony 
elements (Fig. IT). 'The foramina of the otic capsule are similar to those 
' described by Gaupp for Lacerta. Tn Cordylus the prootic possesses a peculiar 
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FG. VITIa and VIIIb: Consecutive transverse sections through basis cranii. 


fen — fenestra in basis cranii; ppp — posterior prolongations of the 
parasphenoid. Other abbreviations as in previous figures. 


bony sguame or flange closely applied to the otic capsule, and `simulating an 
additional temporal os investitiens. In an embryo, close upon hatching, the 
connective tissue in this region shows a remarkable thickening, appearing in 
transverse sections as a capsule to the otic region. The anlage is particularly 
rich in collagenous fibres, and it is a notorious fact that such ligamentous 
embryonic tissue is extremely difficult to distinguish from the anlage of a 
membrane bone with its peculiar loose connmective tissue separating it from the 
underlying cartilage. Since juvenile, postnatal material was not available for 
sectioning, no definite conclusions can be arrived at; but it is a possibility to be 
reckoned with that the anlage figured in figure IX may have given rise to the 
fiange in the adult, so that the prootic would possess a “Faser-Knochen” 
(Weidenreich, 1928). 'The foramen ovale is bounded dorsally by the prootic and 
ventrally by the exoccipital, and is bordered by a thin cartilaginous ring, which 


C 


FIG. IX: 


( 


Transverse section through the lateral wall of the otic capsule of A the adult, 


B an embryo of Cordylus, to show the anlage and position of the bony sauame. 
bsd — bony sguame; cpro-— cartilaginous anlage of prootic; hc — horizontal 
canal; Sox — Ssupraoccipital; x — anlage of the bony sduame. 'The connective 
tissue shows a thickening and is particularly rich in collagenous fibres. 
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is part of the cartilaginous suture between the exoccipital and prootic. Versluijs 
(1898) has given a detailed description of the middle and external ear of the 
family Cordylidae. 'The delicate tympanic membrane is situated deep below the 
general surface and is protected by a large ventrally directed dermal fold 
strengthened by dermal scutes. 'The middle ear is well developed and the 
Eustachian tube is very wide, as in Uromastix and Gerrhosaurus (cf. Versluijs, 
1898). The columella auris is normal and consists of (a) the bony stapes, fitting 
in the fenestra ovalis by means of its footplate, surrounded by cartilage, and 
(b) the cartilaginous extracolumellare, embedded in the tympanic membrane. 
The extracolumellare possesses a long, slender processus internus, abutting 
against the ventral side of the guadrate (Fig. ID). As in many other Lacertilians 
the bony and cartilaginous parts of the columella auris are firmly attached to 
each other without the intervention of synovial cavities. 'The chorda tympani 
runs forward, lateral to the extracolumellare and enters the lower jaw through 
a foramen in the processus retroarticularis.. The anterior portion of the processus 
ascendens tecti synotici is situated in a canal in the postero-medial portion of 
the parietal. Further back the canal opens ventrally, with the result that the 
process emerges from it and eventually lies ventral to a low prominence formed 
by a ventro-median thickening of the parietal Posteriorly the process is 
invaded ventrally by the supraoccipital. 'The median crest of the supraoccipital, 
prolonged posteriorly into a long supraoccipital spine, lies ventral to the 
processus medialis of the parietal. 'The posterior part of the processus ascendens 
tecti synotici and the chondrocranial roof, including the above-mentioned 
Supraoccipital spine, are separated everywhere from the parietal by broad 
tracts of thin connective tissue, owing to which circumstance metakinesis is 
rendered possible. In spite of the presence of the processus ascendens tecti 
synotici, serving to anchor the “occipital segment” of the skull to the “masxillary 
segment” (Versluijs, 1924), movement would still be possible between these two 
segments, as the anterior portion of the process is capable of a sliding movement 
within the parietal canal. 'The principal function of the process seems to be 
the prevention of too great a shifting of the cranial roof over the otic capsule, 
resulting in a possible deleterious effect on the general cranial contour. 


Kinesis of the skull: In the “Das Streptostylie-Problem” (1912), Versluijs 
discussed at great length the kinesis of Reptilian skulls, with special reference to 
the kinesis of Lacertilians. According to this author metakinesis is the primitive 
reptilian condition, as the oldest Sauropsida, e.g. some (Cotylosauria already 
possessed a metakinetic skull. Kinesis in the skull is closely associated with the 
mode of feeding of these animals. Cordylus feeds on small, fast-moving insects 
(Rose, 1929) and consedguently the skull must be adapted in such a way as to 
enable the animal to increase the oral gape at will, thus necessitating kinesis. 
As already stated by Du Plessis (op. cit.) the skull of Cordylus is amphikinetic, 
but he did not fully describe the arrangement rendering such amphikinesis 
possible. The m. protractor pterygoidei and m. levator pterygoidei are indis- 
pensable to kinesis, and both are well developed in Cordylus. 'The m.protractor 
pterygoidei inserts on the postero-medial part of the pterygoid and attaches to 
the anterior portion of the ceranial base and to the processus basipterygoideus 
as in Chamaesaura (Du Plessis, op. cit). It serves to pull the pterygoid forward 
(Lakjer, 1927). The m. levator pterygoidei, stretching from the pterygoid to 
the side-wall of the skull serves to lift the pterygoid (cf. Lakjer, op. cit). 'The 
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pterygoid can only be pulled forward if a movable connesion exists between the 
pterygoid and the duadrate and between the pterygoid and processus 
basipterygoideus. 'The relations of the. pterygoid to the cranial base and to the 
guadrate have already been described; they permit a fairly large amount of 
movement between the various components. 'The epipterygoid is loosely attached 
to the pariëtal and taenia tecti marginalis and articulates ventrally with the 
pterygoid. In secondarily akinetic skulls. the epipterygoid is either firmly wedged 
between the parietal and pterygoid, e.g. Sphenodon and Chelonia, or it is totally 
absent in the adult, and merely recapitulated in the embryo, as in Crocodilia. 
In COhelonia the epipterygoid is not a pure Cartilage bone, but downgrowths of 


FIG. X: Section through the roof of the skull in the region of the mesokinetic 
“Beugungslinie”. For references see previous figures. 


the parietal fuse with the vestigial epipterygoid, thus forming a composit bony 
pillar (Versluiis, 1912). 'The forward movement of the pterygoid, caused by the 
contraction of the m. protractor pterygoidei, is conveyed to the rigid palate and 
thence to the nasal region, which is then lifted, such lifting of the snout 
resulting in the shifting backward of the maxillary segment over the oëcipital 
segment, as the former is separated from the latter posteriorly by broad tracts 
of loose connective tissue, and as the temporal bones are loosely attached to the 
processus paroticus and to the head of the duadrate. In Cordylus the skull is 
also capable of flexure in the mesokinetic joint, situated between the frontal 
and parietal. The mesokinesis of the Cordylus skull will be discussed in connection 
with the relations of the dermal cranial bones to one another in the region of 
the mesokinetic “Beugungslinie”. The two short, posteriorly directed processes 
of the frontal lie in grooves on the lateral sides of the parietal (Fig. X). 'These 
processes are separated from the parietal grooves by thick layers of connective 
tissue, allowing movement between these two bones. 'The mutual relations of 
the frontal and the postfrontal, the postfrontal and the postorbital and the jugal 
and the postorbital are of primary importance to mesokinesis, as all these bones 
lie directly in line with the mesokinetic “Beugungslinie”. Abundant connective 
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tissue is present between all these bones (Fig. X), thus allowing mutual move- 
ment between all the elements concerned with the mesokinesis. 'The presence of 
a synovial cavity between the duadrate and intercalary can also be regarded 
as a direct result of the presence of mesokinesis (Versluijs, 1912). Amphikinesis 
calls for a greater degree of movement of the pterygoid than does metakinesis. 
As the posterior tip of the pterygoid is attached to the auadrate by means of 
dense connective tissue, extra stress will be placed upon the connexion between 
the duadrate and the processus paroticus, thus leading to a looser connezion 
between these two elements. In Chamaesaura (Du Plessis, op. cit.) where metaki- 
nesis obtains, a synovial cavity is absent, as already stated above. Versluijs (1912) 
has stated that metakinesis characterises the primitive reptilian type of skull and 
he has derived the mesokinesis of snakes and Amphisbaenidae from the 
metakinesis of lizards. According to Du Plessis (op. cit) it is impossible to 
state whether the ancestral Lacertilians were already amphikinetic. If this 
duestion can be answered in the affirmative “Cordylus would exhibit the more 
primitive type of Lacertilian kinesis” (Du Plessis, op. eit.). 


THE LOWER JAW 


The lower jaw conforms to the typical Lacertilian type, described by 
Versluijs (1936). The seven bones enumerated by him for Lacerta are all present 
in Cordylus in their normal relations to one another. 'The two cartilagines 
Meckelii are in synchondrotic continuity anteriorly, whereas the anterior tips of 
the dentaries are attached to each other by means of strong, ligamentous tissue. 
Nowhere are the different bones fused to one another, except posteriorly, where 
the gonial is partly fused to the articular, while the supra-angular abuts against 
the articular without being fused to it. The connective tissue between the 
Supra-angular and the unossified cartilage of the articular disappears, but bony 
invasion does not take place. In Chamaesaura (Du Plessis, op. cit.) both the 
Supra-angular and the gonial are fused to the articular, but not with each other. 
The processus retroarticularis appears to be made up of the gonial and of the 
articular only. The chorda tympani VII enters the lower jaw through a foramen 
in the medial surface -of the processus Tetroarticularis. This foramen is 
apparently situated within the gonial as this bone is fused to the medial surface 
of the articular, and therefore forms the medial part of the processus retro- 
articularis. Anteriorly the chorda tympani VII lies medial to Meckel's cartilage, 
and forms an anastomosis with the n. mandibularis V, which enters the lower 
jaw through the fossa praearticularis (Fuchs, 1931); this opening is situated 
between the supra-angular and the gonial. 'The a. mandibularis everywhere 
accompanies the n. mandibularis V. The angular is pierced medially by a 
foramen for the n. mylohyoideus. 'The foramen for the n. auriculo-temporalis is 
situated in the supra-angular in the region of the fossa praearticularis, as in 
Gerrhosaurus (Malan, op. eit.). In Chamaesaura (Du Plessis, op. cit.) this foramen 
is situated further forward in the supra-angular, in the region of the articulation 
of this bone with the dentary, as in Physignathus (Fuchs, 1931). In this region 
the supra-angular of Cordylus is also pierced laterally by a foramen for small 
branches of Ve and of the .a. mandibularis. 'The dentary is not pierced by .a 
iarge number. of foramina for the nervi dentofaciales, but by a few large ones 
only, whereas the splenial is pierced medially by. a foramen, apparently the 
foramen pro nervo alveolare inferiore. The processus coronoideus of the coronoid 


64 


is large as in all Lacertilians (Versluijs, 1936) as the well-developed m. temporalis 
inserts on it. 


EVIDENCE OF THE AFFINITIES OF CORDYLIDAE BASED UPON 
THE STUDY OF THEIR CRANIAL ANATOMY 


Although it cannot be pretended that the study of a single anatomical 
entity, like the skull, can solve the problem of the phylogenetic position oi the 
Cordylidae, such study may, however, contribute towards the elucidation of the 
problem. 'The determination of the taxonomic position of the Cordylidae is no 
easy task, as this family apparently occupies a more or less intermediate position 
between the divisions Ascalabota and Autarchoglossa. (Certain characters suggest 
that they should be placed under the Iguania, a section of the Ascalabota. 
Gadow (1901) actually groups the Cordylidae and Iguanidae under his suborder, 
the “Lacertae”. 'The gular musculature of Cordylidae shows Iguanoid resem- 
blances (Camp, op. cit.), while Malan (in ms.) states that in many Iguania a 
cartilaginous rostrum is present between the cupolae of the nasal capsule, a 
condition also obtaining in Chamaesaura (Du Plessis, op. cit), a genus of the 
Cordylidae. 'The Cordylidae are the only family of the Anguimorpha, a section 
of the Autarchoglossa, possessing a small postfrontal and a large postorbital, a 
condition similar to that in the Iguania and the Scincomorpha. According to 
Broom (1985) the degree of retention of the bony dermal arcuature of the 
temporal region of lizards has. largely been determined by the degree of 
development of the superficial osteoderms covering the head and part of the 
body. Owing to the wide distribution of these bony scutes in modern Lacertilia, 
Broom (1935) came to the conclusion that osteoderms were a feature of ancestral 
Lacertilia. Owing to their presence the duadratojugal was lost, resulting in the 
incompleteness of the lower temporal arch. Tn Paliguana, one of the Eosuchia, 
which Broom regards as possible Lacertilian ancestors, the duadratojugal was in 
the first stages of reduction, as this bone was apparently represented by a 
slender bar, but still occupies its position in the lower temporal arch. Should 
this reduction be carried further the duadratojugal would ultimately be lost, 
resulting in the monapsid condition of modern lizards. Further evidence for 
this theory is the presence of a rudimentary duadratojugal in 'Tilidua, 
Gerrhosaurus validus (Broom, 1925) and Lygodactylus (Brock, 1939). If the 
osteoderms are retained, as in the Cordylidae and several other lizard groups, 
the upper temporal arch would come to lie against the parietal, thus totally or 
virtually closing the upper temporal fossa. as in Cordylus and Chamaesaura 
(Du Plessis, op. cit.) in which this fossa is reduced to a mere slit. 'The temporal 
region of Cordylidae, as represented by Cordylus and Chamaesaura is strikingly 
similar to that of the Gerrhosauridae (Broom, 1935), except for the presence of 
the small supratemporal fossa, absent in G@errhosauridae. It should be noted, 
however, that the similarities in the temporal region in lizards do not hecessarily 
indicate phyletic affinity, as this region can vary considerably, even in the same 
genus. In Gerrhosaurus typicus, for example, only one roofing bone is present in 
the anterior temporal region. Malan (op. cit) considers this element as a 
product of fusion of the postfrontal and postorbital, both of which are present in 
G. validus and G. flavigularis. Broom (1935) figured the skulls of Uroplates 
fimbriatus (Gekkota) and Pygopus lepidopus (Anguimorpha) whose temporal 
regions are identical, although the Uroplatidae and Pygopodidae are not nearly 
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related to each other. It is therefore impossible to base conclusions regarding 
the affinity of the Cordylidae upon the condition of the temporal region alone. 
Camp (op. cit.) retained the family under the Anguimorpha, a conclusion based 
primarily upon the form of the clavicles and upon the structure of the osteoderms. 
A careful comparison of the skulls of Cordylus and Chamaesaura with that of 
Gerrhosaurus, investigated by Malan (op. cit.) afords no evidence of any striking 
morphological similarity between the families concerned. 'The problem of the 
affinity of the Cordylidae can therefore only be tackled by the method of team 
research, since in recent years the comparative anatomy of soft parts of lizards 
has been somewhat neglected. 'To my knowledge palaeontology of existing 
Lacertilian families sheds very little, if any, light upon their interrelationships. 


SUMMARY 


1. The duct of the glandula nasalis lateralis enters the nasal capsule tarough 
its own foramen, which has probably arisen as the result of the fusion 
Of the processus alaris superior to the anterior edge of the zona. 

2. 'The ventro-lateral part of the zona annularis is fairly incomplete. 

3. Only the posterior half of the cartilago paraseptalis is present; its anterior 
portion is probably represented by a short piece of cartilage, situated in 
the medial corner of the lamina transversalis anterior. 

4. The posterior cartilaginous support of the organ of Jacobson apparently 
arises late in the ontogeny. 

5. The antero-ventral part of the septum nasi forms a ridge on which the 

antero-medial part of the septomaxsillary rests. 

. The ductus nasolacrimalis opens into the “Winkeltasche” (Fuchs, 1908). 

. Fleshy prominences, facilitating the reception of pressure exerted upon 
the palate, are to be found medial to the openings of the organs of 
Jacobson into the buccal cavity. 

8. The pila prootica is absent, while the posterior part of the taenia tect 
medialis is reduced to a short, posteriorly directed process, the fenestra 
prootica and fenestra metoptica therefore becoming confiuent. 

9. A small lacrimal is present and supports the ductus nasolacrimalis laterally. 

10. An extremely small supratemporal fossa, bounded by the postorbital, 
Sduamosal and parietal is present. 

11. The supratemporal invades the intercalary cartilage for a short distance, 
and the latter is fused to the processus paroticus. 

12. A synovial cavity is present between the dorsal head of the dguadrate and 
the intercalary. 

13. A ligamentous cord attaches the dorsal epiphysis of the epipterygoid to the 
parietal and taenia tecti marginalis; ventrally the epipterygoid fits in a 
synovial cavity on the dorsal side of the pterygoid. 

14. Remains of the cartilaginous bar connecting the guadrate and epipterygoid 
in the embryo, is present in the adult. 

15. The processus pterygoideus is continuous with the meniscus pterygoideus 
for a short distance. 

16. The Tfenestra basicranialis `posterior, present in the embryo, is not 
completely closed during ontogeny, and persists in the adult as a fenestra 
in the basis cranii. 'This fenestra is situated partly in the basisphenoid 
and partly in the basioccipital. 
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17. The parasphenoid is not completely fused to the basisphenoid, as two 
postero-lateral processes of the former are separated from the latter by 
means of dense connective tissue. 

18. The long, slender processus cultriformis shows a discontinuity with the 
parasphenoid. 

19. The skull is clearly amphikinetic. 

90. The supra-angular is not fused to the articular as in many other lizards. 

21. The teeth are pleurodont. ' 
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COMPLETE LIST OF ABBREVIATIONS AND FIGURES 
WHERE FIRST INTRODUCED 


4 aci — arteria carotis interna. 

6 aA0 — arteria occipitalis. 

2 bao -—  basioccipital. 

2 bc —  basisphenoid - parasphenoid. 

10 bsg — bony sauame. 

1 cc — cartilago cupolaris. 

3 Geo!  coneha 

3 cect —  cartilago ectochoanalis. 

7 cep -—  cartilaginous epiphysis of epipterygoid. 
2 cho —  choana. 

2 chon -— chondrocranium. 

4 cpara -— anterior portion of the cartilago paraseptalis. 
3 cpar -—  cartilago paraseptalis. 

9 cpro -—  cartilaginous anlage of the prootic. 
n cpl -—  cartilaginous plexus. 

3 csphen -—  Commissura sphenethmoidalis. 

2 csut -—  Cartilaginous suture. 

E dnl -— ductus nasolacrimalis. 

2 ept — epipterygoid. 

5 extc — e@Xtracolumella. 

2 exo —  @Xoccipital 

2 fen -— fenestra. 

1 fr — frontal 

9 hc — horizontal canal. 

2 inte — intercalary. 

LE ie 

5 lac — lacrimal 

2 mpt — meniscus pterygoideus. 

d MR — masxillary. 

7 na — nasal 

7 ne — heomorph cartilage. 

4 npal -—  hervus palatinus. 

3 pai -—  processus alaris inferior. 

9 pal -—  palatinum. 

1 par -—  parietal. ' 

9 pbpt —. processus basipterygoideus. 

2 peult — processus cultriformis. 

D) pint -—  processus internus. 

3 plant -—  planum antorbitale. i 

1 plpar -—  processus lateralis of the parietal. 
3 pmp -—  processus maxillaris posterior. 

1 pmpar —  processus medialis of the parietal. 
1 pmx —  premaxillary. 

1 pof -—  postfrontal. 

1 poo -—  postorbital. j 

2 ppar —  processus parotdcus. ; 
8 ppp -— posterior prolongations of the parasphenoid. 
5 prdm —  processus dorsalis of the maxillary. 
1 prf —  prefrontal. 

2 pro —  prooticum. 

9 pt — pterygoid. é 3 
5 pvprf —  processus ventralis of the prefrontai. 
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duadrate. 

ramus medialis nasi 
septum nasi. 
Supraoccipital. 
Septomasxillary. 
Sguamosal. 

stapes. 

supraorbitale laterale. 
Supraorbitale mediale. 
Supratemporal. 
Supratemporal fossa. 
synovial cavity. 
tectum nasi. 
transversum. 


taenia tecti marginalis. 


vomer. 
“Vomerpolster.” 


anlage of the bony sduame. 


Z0Nna annularis. 


Contributions to the Comparativé 


Anatomy of the Nasal Capsule 
and the 


Organ of Jacobson of the Lacertilia 
by 
M. E. MALAN, M.Sc. 


ABSTRACT 


The study of the nasal] organ of all the principal lizard families fully confirms 
Camp's classification published in 19926. 

With minor variations the Lacerta type of nasal organ occurs throughout 
the Autarchoglossa. That of the Geckonidae establishes an intermediate type 
leading to the highly aberrant structure typifying the rest of the Ascalabote 
families. Bornm's theory that a shortening of the nasal region has been 
responsible for the changes present in these families is confirmed, and an 
attempt is made to interpret the various structures. 

The Ieguanidae and the primitive Chamaeleontid, Microsaura, was found to 
resemble Sphenodon in the possession of a cartilaginous roof to the organ of 
Jacobson and of a prenasal process. 'The absence of a concha nasalis in the 
Iguania and in Sphenodon is a parallel development since it is present in 
Iguana itself. 

It is pointed out that the “secondary palate” of Fuchs is often supported 
by cartilage behind the organ of Jacobson but that these skeletal struts are 
by no means always homologous. A true secondary palate forming a paired 
ductus nasopharyngeus obtains only in the degenerate Scincid family 
Anelytropsidae. 

Taking the lguanid genus Anolis as a starting point the “ductus 
nasopharyngeus” of a number of lizard families is shown to be a mixed product, 
its anterior oral part being homologous to a closed-of choanal groove. 

The opening and closing of the external naris are shown to be effected, 
as in Urodeles, by the action of a pair of antagonistic muscles, of which the 
dilatator has become cavernous and is represented by the peculiar muscular 
tissue lining the vestibule. 


[Volume XXIV, Section A, No. 4 (1946)1 


*) 'Thesis presented for the degree of Doctor of Science in the University of Stellen- 
bosch. Promoter: Prof. C. G. $. de Villiers (1945). 
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INTRODUCTION 


The present investigation is an attempt to give as .complete an account as 
possible of the morphology of the nasal organ and the ductus nasolacrimalis of 
lizards, and to determine the extent to which the comparative anatomy of these 
organs illuminates the existing taxonomic “systems” of the order. 

Unfortunately reépresentatives of the smaller families: the Uroplatidae, 
Feyliniidae, Dibamidae, Pygopodidae, Helodermatidae and Xenosauridae were 
not available. Since these are all, however, highly specialized forms, their 
omission does not seriously affect the general conclusions drawn. 

For the American material I am especially indebted to Mr. A. Loveridge of 
the Museum of Comparative Zoology, Harvard College, who kindly sent me a 
number of youthful specimens admirably suited for microtomy. || also wish to 
thank Dr. $. R. Atsatt of the University of California at Los Angeles for a 
specimen of Xantusia vigilis. Serial sections of a great number of lizards and 
snakes kindly donated to this department by Dr. G. T. Brock have proved to be 
of inestimable value. My thanks are also due to Dr. V. F. Fitzsimons of the 
Transvaal Museum and to Dr. R. Lawrence of the Natal Museum for specimens 
of an adult Typhlosaurus and of Varanus embryos respectively. 

The present investigation has been carried out under the supervision of 
Prof. C. G. $. de Villiers, whom 1I wish to thank most sincerely for his constant 
assistance and advice. 


HISTORICAL INTRODUCTION 


This introduction is intended to serve as a short summary of the constitution 
of the nasal organ and palate of Lacerta, as well as a résumé of the terminology 
adopted. An adedguate account of the existing literature on the subject matter 
is given in connexion with each family as it is being dealt with. For a 
most comprehensive discussion of the extant literature on the vertebrate nasal 
capsule the reader is referred to the work of Hafferl (1921). 

The outermost part of the nasal cavities consists of a .fairly extensive 
vestibule lined by cavernous (erectile) elastic muscular tissue (Lapage, 1926) 
leading from the external naris to open anteriorly into the true nasal cavity 
dorsal to the middle of the organ of Jacobson. 'The true or olfactory part of 
the nasal cavity is subdivided into a main portion situated next to the septum 
and an extraconchal recess, communicating with the former cavity above and 
behind the concha nasalis; it lies between the outer side-wall of the concha and 
the side-wall of the capsule itself. Behind the choana and the concha, a 
posterior blind cavity (the antorbital chamber), lined with respiratory epithelium, 
is formed. 

The “inner choana” (Géppert, 1903) connects the true nasal cavity with the 
respiratory choanal passage (“choanengang”, Fuchs 1908), and this in turn 
communicates with the oral cavity by means of the slit-like “outer choana” 
The development of a “secondary palate” in the upper level of the choanal 
passage transforms its anterior end into a choanal groove (“Choanenrinne”, 
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Fuchs, 1908). Into the anterior end of the latter the organ of Jacobson (lined 
by sensory epithelium) opens from the medial side. 'The ductus nasolacrimalis 
opens into the anterior end of the functional choana and the secretion of the 
Harderian and lacrimal glands is carried to the organ of Jacobson along an 
open gutter in the choanal groove (the “Winkeltasche” of Beecker, 1903). 

The nasal capsule may be divided into three regions of approximately egual 
Size: (a) an anterior one, comprising the cupola anterior (protecting the 
vestibule) and the cartilago alaris superior and c.a. inferior associated with the 
fenestra narina, (b) the conchal region, the only one possessing a floor (lamina 
transversalis anterior) completing the zona annularis ventrally, (c) and a 
posterior region, consisting chiefiy of the lamina antorbitalis the roof being very 
incompleté owing to the presence of a large foramen olfactorium. In the cupolar 
region the tectum is interrupted by a fenestra superior nasi, and in the conchal 
region the side wall covering the extraconchal recess is incomplete owing to 
the presence of a fenestra lateralis nasi. 

The glandula nasalis lateralis is located in the extracapsular cavum 
conchale encased by the conchal cartilage, and opening through an anteriorly 
facing aditus conchae. 'The duct of the lateral nasal gland issues from the 
aditus and enters the nasal capsule through a posterior bay in the fenestra narina 
behind the cartilago alaris superior, to open into the nasal cavity on the border 
between the vestibule and the true nasal cavity. 

The ramus ethmoidalis of Va enters the nasal capsule through the fissura 
orbitonasalis underneath the sphenethmoid commissure connecting the nasal 
Ccapsule with the planum supraseptale. Inside the capsule it divides into its two 
components: the ramus lateralis issuing through the foramen epiphaniaie 
immediately above the aditus conchae to innervate the glandula nasalis lateralis, 
while the ramus medialis runs alongside the septum to issue through the 
foramen apicale in the cupola anterior. 

The skeletal capsule of the organ of Jacobson is described in the summary. 
For an account of the function of the organ the reader is referred to the work 
of Broman (1920). Two cartilages project from the lamina transversalis anterior: 
the paraseptal fusing with the planum antorbitale and the ectochoanal 
supporting the lateral edge of the choana and ending freely. : 


The descriptive part of the investigation is based mainly on taxonomic data 
as set forth in the well-known work of Camp (1923); Broom (1935) has also 
testified to the excellence of Camp's system. In a few cases only was it found 
necessary to deviate from Camp's arrangement, as in the case of the Geckonidae, 
which are placed at the end of the Ascalabota, since they represent a natural 
transition to the Autarchoglossa, as far as the nasal region is concerned. 

The Rhynchocephalian nasal capsule is described fairly fully since it forms 
a Convenient introduction and a morphological link with that of the primitive 
Ieguanidae. 

Discussion of homologies and affinities and comparison with conditions 
obtaining in other Vertebrate groups have been confined as far as possible to the 
résumé at the end of the work in order to avoid repetition. 
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RHYNCHOCEPHALIA 


The classical work on the development of the chondrocranium of Sphenodon 
is that of Howes and Swinnerton (1901) and Schauinsland (1900 and 1903). In 
1906 Broom published a work on the organ of Jacobson in Sphenodon in which 
he stresses the mammalian characteristics of the organ and its capsule. 
Fuchs (1908) figures a very complete series of sections through the nasal region 
of a fairly old embryo of Sphenodon in his comprehensive account of the palatal 
structures of Vertebrates, and in a work of 1911 he compares the septomaxillary 
and its relations to the cartilaginous capsule of Jacobsom's organ in Sphenodon 
With that of a mammal (Dasypus). Both Gêppert (1903) and Lakjer (1927) 
mention Sphenodon in their studies on the external topography and the bones 
of the palate respectively. Unfortunately the recent work of Hoppe (1934) on 
the nasal organ of Sphenodon was not available beyond the short summary by 
Matthes (1934). Also Schauinsland's investigations were not available, so that 
one was obliged to depend on duotations from other authors. 

The following account of the cartilaginous and bony capsule of the nasal 
cavities is based chiefly on the abovementioned sources, and the figures are based 
on illustrations from the publications of Fuchs (1908 and 1911) and Broom (1906). 

Although the cartilaginous nasal capsule shows such remarkable similarity 
with that of Lacertilia, that, judged on the nasal region alone, Sphenodon would 
certainly be classified as a primitive lizard, it yet provides in several instances 
the morphological link which connects the primitive Lacertilian capsule with that 
of the primitive Mammalia and the Amphibia.. 

The roof and side wall of the adult capsule are very incomplete because of 
the exceptionally large size of the fenestra narina, and the presence of both the 
fenestra lateralis nasi. and the fenestra superior nasi (figs. 1—8) (Howes and 
Swinnerton, 1901). 


In addition to the lateral nasal gland homologous with the single gland of 
Lacertilia, a second, ventrally situated gland is present, which also opens into 
the posterior end of the vestibule and is probably homologous with the ventral 
nasal gland of Chelonia (Hoppe, 1934). 'The lateral nasal gland is situated in the 
typical Lacertilian position, but is not lodged in a cavum conchale (Howes and 
Swinnerton, 1901), although there is a concha on the inner surface of the 
cartilaginous wall in a corresponding position. Hoppe (1934) regards this as 
undoubtedly homologous with the concha of Lacertilia. 'This homology is 
substantiated by the position of the foramen epiphaniale. ln Lacerta this 
foramen is situated immediately anterior to the fenestra lateralis and indicates 
the line of fusion between the parietotectal and paranasal cartilages (De Beer, 
1937). In Sphenodon it is found near the anterior, upper border of the fenestra 
lateralis (Howes and Swinnerton, 1901) apparently in the immediate neighbour- 
hood of the concha. Judging by all available figures the glandula nasalis 
lateralis is situated in a shallow groove on the side wall, from the floor of which 
the anterior part of the concha projects into the nasal cavity. The duct runs 
forwards and enters the posterior end of the vestibule through the upper hind 
corner of the fenestra narina as it also does in Lacerta. 

De Beer (1937) states that, all reptiles possess a concha except Sphenodon 
and the Chelonia. Presumably a Cavum conchale lodging the lateral nasal gland 
is implied, since Sphenodon undoubtedly possesses a concha (fig. 4) corresponding 
to that of Lacertilia. No structure comparable with it occurs in the Chelonia 
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FiG. 1: Sphenodon. (Oross-section through anterior part of Jacobsoms organ. (From 
Broom.) 

FIG. 2: Sphenodon. COross-section through region of Jacobson's organ. (From Fuchs.) 

FIG. 3: Sphenodon. Cross-section through region of Jacobsoms organ. (From Fuchs.) 

FIG. 4: Sphenodon. COross-section through conchal region. (From Fuchs) 


(For abbreviations see general list at end of paper.) 


(Peter, 1906). From the invariable presence of a cavum conchale in the living 
Diapsidan reptiles it may be argued that this structure has been secondarily lost 
in Sphenodon, so that its absence constitutes no evidence in favour of Chelonian 
or mammalian affinity. The absence of a cavum conchale in the Chamaeleontidae, 
the Agamidae and in many of the Iguanidae does not necessarily point to affinity 
with Sphenodon either, since it is clear that its absence in these families is the 
result of parailel evolution: it has been obliterated by a shortening of the nasal 
region and an extreme backward elongation of ie vestibule and its associated 
skeletal elements. 

In addition to the ED Muschel” which Er homologises with that of 
Lacertilia, he describes a second anterior concha which has disappeared in 
Lacertilia and is represented only by “jene Lippe am Choanengang, die zwischen 
der Winkeltasche und dem horizontalen Schenkel des Choanengangs liegt” 
(Matthes, 1934). Fuchs (1911) has already called attention to the presence of a 
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concha in Sphenodon (fig. 4), but without having seen the work of Hoppe in the 
original, it is impossible to decide whether this corresponds to Hoppe's posterior 
concha or not. 

The posterior part of the roof, the sphenethmoid commissure, the planum 
antorbitale and the processus maxillaris posterior are identical with those of 
Lacerta. 

The floor of the nasal capsule shows the same degree of incompleteness as 
that of Lacerta, a zona annularis being completed for a short distance only, in 
front of the organ of Jacobson by the lamina transversalis anterior. 

The anterior ventral edge of the septum nasi is produced into a short rostral 
process (prenasal process of Howes and Swinnerton, 1901), directed downward 
and forward between the two premaxsillaries (Broom, 1906). Broom compares the 
rostrum with a similar process in BEchidna, and since he finds it to be absent 
in snakes, lizards and tortoises regards it as a mammalian characteristic retained 
by Sphenodon. An anterior rostral prolongation of the nasal septum into the 
internasal cavity between the two cupolar cartilages is, however, present through- 
out the Iguanidae (figs. 8, 15 and 18). 'The prenasal process of Crocodiles also 
is undoubtedly homologous with that of Sphenodon (De Beer, 1937 and Meek, 
1911), although the anterior part of the nasal capsule shows adaptational 
specialization caused by the dorsal position of the external nares. 'The presence 
of a prenasal process would thus tend to confirm the relationship of Sphenodon 
with the other diapsid reptiles and especially the Lacertilia, rather than point 
to mammalian affinities through resemblance to Echidna, the snout region of 
which shows a very high degree of specialization. 

On the ventral edge of the nasal septum in the region immediately in front 
of the organs of Jacobson, there occurs a short, median, backwardly directed 
process, forming a cartilaginous support for the papilla palatina (Broom, 1906): 
According to Broom's figures and description it lies ventral to the anterior tips 
of the vomers, which would appear to be largely instrumental in its formation 
(fig. 1). They penetrate the ventral edge of the nasal septum, which is greatly 
enlarged at this point to accommodate the anterior parts of the organs of 
Jacobson. 

Broom takes the presence of this “papillary cartilage” as proof of the 
mammalian affinities of Sphenodon, since a structure which he regards as 
homologous with it, is widespread through the primitive Mammalia, while it is 
absent from reptiles other than Sphenodon. It occurs in Bchidna as “a short 
and isolated cartilaginous rod forming the skeletal basis of the papilla palatina” 
(Wilson, 1901). Judging from one of Wilsom's figures the relation of this structure 
is essentially the same as in Sphenodon, except that it is detached from the 
septum. 

A papillary cartilage is further present in most Marsupials and also in 
Macroscelides and Miniopterus among higher forms (Broom, 1896 and 1906). In 
the Marsupials it appears to consist of an isolated horizontal cartilaginous plate 
invariably situated ventral to the palatine process of the premazxillaries and 
between the nasopalatine ducts. It serves as a support for their median walls 
(Broom, 1896). 

According to Broom (1906) a papillary cartilage is present in the crocodile, 
put I was unable to find any homologous element in a 7.5 cm. embryo of 
Alligator mississippiensis, and it is not featured or mentioned by Meek for 
Crocodilus porosus (1911), or by De Beer for Crocodilus biporcatus (1987). 
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Sphenodon is therefore the only reptile possessing a papillary cartilage, but 
since the homologies of the various cartilaginous elements occurring in the 
vicinity of the nasopalatine canal and the papilla palatina of mammals are by 
no means clear, it seems wiser not to stress this similarity between Sphenodon 
and the primitive Mamnmalia. 

In addition to the paraseptal and ectochoanal cartilages projecting 
backwards from the lamina transversalis anterior in Lacerta, a third cartilaginous 
process, which forms a roof over the organ of Jacobson, is present in Sphenodon 
(Broom, 1906) (figs. 2 and 3). 'The septomasxillary, instead of roofing the organ 
as it does in Lacertilia and Ophidia, is entirely limited to the postero-ventral 
edge of the fenestra narina, thus forming part of the bony side wall of the nasal 
capsule (Fuchs, 1911). An anterior, horizontally inclined process rests upon the 
upper, outer corner of Jacobsom's capsule, where this forms part of the border 
of the fenestra narina (fig. 1). Beyond this indirect relation to the organ of 
Jacobson, the bone is solely concerned with the support of the fioor and lateral 
wall of the vestibule (figs. 1 and 2). According to Fuchs (1911) the same 
relations obtain in Dasypus. 'The posterior end of the septomaxillary comes 
into close contact with the anterior part of the concha (cf. Geckonidae) and 
with the ductus nasolacrimalis (Fuchs, 1911). 

According to Hoppe (1934) the vestibule difers from that of the Lacertilia 
in that it enters the nasal cavity laterally at an angle of 900 (fig. 1) instead 
of lying in the same longitudinal plane with it. 'This may merely be due to the 
fact that it is extremely short, as in Ophidia, and would thus represent the 
lateral outer sac of the lLacertilian vestibule only. 'The septo-mazillary 
appears to be a bone primarily investing the vestibular wall, and, in the 
Lacertilia, secondarily acduiring connection with the organ of Jacobson as a 
result of the packward elongation of the vestibule (cf. Lapage, 1928 and Solger, 
1876); conditions obtaining in the Iguanidae support this view. 

A small anterior part of the organ of Jacobson is encased in a complete 
cartilaginous cupola (fig. 1). Further back, at about the same vertical niveau as 
the duct, the roof, side wall and floor become detached from the septum 
(the median wall), and from one another, to form three independent 
cartilaginous elements (fig. 3). 'The side wall is continued as the ectochoanal 
cartilage (fig. 2). 'This cartilage supports the anterior wall of the duct of 
Jacobson's organ, the lateral wall of the choana, and the ventral wall of the 
Guctus nasolacrimalis which enters the choana laterally and immediately 
opposite the duct of Jacobsom's organ whose orifice is situated medially. 


The roofing cartilage is also continued backwards as an independent 
element, but does not duite reach the hind end of the organ, whose posterior 
wall, judsing from all available descriptions and figures, is completely 
unprotected by cartilage or bone. After describing the three elements mentioned 
above De Beer (1937) says: “Jacobsoms organ eventually becomes almost 
completely enclosed in a cartilaginous capsule of its own .. . ”. I was, however, 
unable to find any confirmatory description of a stage older than those 
described by Howes and Swinnerton, Broom and Fuchs. 

Except for two rather confusing statements by Born (1879) and Fleischer 
(1877), duoted by Born, p. 75, a roofing cartilage for the organ of Jacobson has not 
to my knowledge been described for any other reptile. Broom (1906) considers its 
presence in Sphenodon as peculiar to this order and indicative of its mammalian 
affinities. As will, however, be explained below, the organ of Jacobson in the 
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Iguanidae is completely roofed by. cartilage; additional evidence of the close 
relationship of Sphenodon to the Lacertilia. ê 

The paraseptal forms a trough-like support for the floor of the organ of 
Jacobson (fig. 2), instead of supporting part of the median wall as in Lacerta 
(fig. 44). This median position of the paraseptal in the Lacertilia is apparently 
due to rotation of the organ through 90% on its longitudinal axis, thus resulting 
in an alteration of the position of the duct from a lateral one, in which it opens 
into the medial wall of the choana, to a ventral one in which it opens directly 
into the oral cavity (Beecker, 1903). 'The absence of a concha of Jacobsoms 
organ in Sphenodon proves that this cartilaginous development (on the zona 
annularis),  pushing into the lumen of the orsan from the lateral side, was 
largely responsible for the rotation of the organ. 'This morphogenetic 
explanation would account for the ventral position of the duct and the medial 
position of the paraseptal in Lacertilia. 'This theory is moreover substantiated 
by ontogenetic evidence derived from the development of Lacerta (Born, 1879). 

Although, therefore, the relations of the paraseptal of Sphenodon are 
singularly mammal-like as was stressed by Broom, this circumstance does not 
hecessarily imply non-relationship of Sphenodon with lizards. 


LACERTILIA 
Iguanidae 


To the best of my knowledge no detailed work on the nasal region of the 
Tguanidae has appeared, with the exception of that of Born (1879) on the ductus 
nasolacrimalis, in which a description of the nasal capsule, the organ of 
Jacobson and the ductus nasolacrimalis of the following lIguanid genera is 
given: Liolaemus pictus, Leiosaurus bellii and Sceloporus undulatus. Of these 
1 was able to examine only the last. Born called attention to the very primitive 
relations of the ductus nasolacrimalis and Jacobsom's duct to the choana: a 
condition approsimating to that of the Rhynchocephalia in which these ducts 
open into the extreme anterior end of the choana directly opposite each other 
(Fuchs, 1908). 

The more recent work of Lakjer (1927) includes an account of the bony 
palate of a number of Iguanidae. He stresses the primitive position which this 
family occupies with respect to the degree of development of the choanal 
opening in the bony skull. His “Palaeochoanata”, comprising the Iguanidae and 
the Agamidae, come very close to the primitive Sphenodon type. 

Stebbins (1943) describes the adaptation of the nasal passages for sand- 
burrowing in the genus Uma, giving an interpretation of the muscular mechanism 
of the external nares. 

In the following account it will be attempted to show that, regarding the 
nasal region, this family occupies a unigue position among the Lacertilia, since 
in spite of the unusual type of vestibule, it shows in a number of points duite a 
remarkable resemblance to Sphenodon, proving that the isolated order to which 
the latter belongs is even more closely related to the Lacertilia than has hitherto 
been maintained. 

I was fortunate in having been able to investigate a fairly large number of 
representative forms belonging to the Iguanidae. 1 am particularly indebted to 
Mr. A. Loveridge of the Museum of Comparative Zoëlogy, Harvard, who very 
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kindly sent me a number of specimens belonging to this and other American ` 
families. It is to be regretted that neither of the Madagascar genera was 
available for study, since an investigation of Jacobsom's capsule might finally 
have established their affinities. 

The following forms were jinvestigated: Sceloporus wundulatus, Uta 
stansburiana, Phrynosoma douglassii, Iguana iguana iguana, Anolis sagrae. 

'The Iguanidae are a large family showing several well-defined trends of 
development in the nasal region. lIguana itself is primitive in the retention of 
a typical lLacertilian concha. Sceloporus, Uta and Phryhosoma appear to 
constitute a closely related group, while Liolaemis and Leiosaurus (Born, 1879) 
show a common type of specialization in the position of the vestibule. 'The 
genus Anolis is aberrant as indicated by the reduction of cartilage in the nasal 
region. 


Sceloporus undulatus 


This genus was selected for detailed description, since it appears to be 
primitive in as much as it retains an extraordinarily large amount of cartilage in 
the nasal region. lt further represents a convenient morphological starting- 
point for the derivation of the Agamidae and the Chamaeleontidae. 

Born (1879) gave a description of the nasal cavities of the “Bunota” of Duméêril 
and Bibron, including the Old World Agamidae and'the New World Iguanidae; 
these two families constitute the “Iguania” of Camp (1926). In most of the 
representatives of this group the vestibule, instead of entering the olfactory 
cavity in the usual Lacertilian manner, runs above it for practically its whole 
length, and enters it dorsally through a wide orifice occupying its posterior third. 
In Sceloporus it actually opens behind the choana into the cavum antorbitale 
(fig. 7). Solger (1876) has already pointed out that in Chamaeleo, and to a 
smaller extent in the Leguan, an anterior blind sac of the olfactory cavity is 
situated underneath the vestibule. In the Varanidae, however, the latter opens 
into the antero-dorsal part of the olfactory cavity. 'The backward extension of 
the vestibule in Iguanidae is explained by Born as having been caused by a 
shortening and thickening of the snout region relative to the rest of the skull. 
This tendency is present to a greater or lesser degree throughout the Ascalabota 
of Camp (ie. the Geckonidae, the Iguania and the Chamaeleontidae). 

In Sceloporus the true olfactory cavity has been pushed forward underneath 
the vestibule, and outward by the organ of Jacobson, so that its extreme anterior 
end is situated lateral to this organ (fig. 9). 'The posterior limit of the vestibule 
together with its associated structures have undergone a dorsal and backward 
displacement (fig. 7). 

These peculiarities in the nasal cavities are associated with eguivalent 
differences in the cartilaginous nasal capsule (figs. 5, 6 and 8). In Sceloporus the 
anterior half of the septum nasi is complete, but its posterior half is divided by 
a posterior incisura into a ventral cylindrical bar and a dorsal lamina (fig. 10). 
The latter forms a dividing wall between the left and right vestibules and 
rapidly loses height when it passes backward to disappear immediately in front 
of the planum antorbitale. As will be clear from fig. 10, the dorsal part 
represents the fused median walls of the nasal capsules themselves, and the 
ventral bar only is of trabecular origin. 'The lower anterior edge of the septum 
is continued forward and downward as a short prenasal process or rostrum 
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FIG. 5: Sceloporus. Ventral reconstruction of nasal capsule. 
FIG. 6: Sceloporus. Dorsal reconstruction of nasal capsule. 
FIG. 7: Sceloporus. Lateral reconstruction of nasal sac. 
FIG. 8: Sceloporus. Lateral reconstruction of nasal capsule. 
FI1G. 9: Sceloporus: (Oross-section through posterior part of organ of Jacobson. 
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(fig. 8); it projects into a shallow cavum internasale between the cupolar 
cartilages, and is identical with the rostrum of Sphenodon (cf. fig. 8, pl. II in 
Howes and Swinnerton, 1901). Among lizards a Tostrum occurs also in the 
Teiidae, the Varanidae and the Chamaesaurinae, where, however, a cavum 
internasale is absent, and the process projects beyond the rest of the nasal 
capsule (cf. Du Plessis, 1945). It is absent in the Cordylinae, the other subfamily 
of the Cordylidae ( — “Zonuridae” auctorum). De Beer (1987) records its 
presence in Crocodilus biporcatus; and 1I have observed it in sections of a 7.5 cm. 
embryo of Alligator mississippiensis. 

The tectum and paries nasi are complete, there being no indication of the 
fenestrae so typical of Sphenodon and most Lacertilians. 
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"The vestibule is roofed over by a curved dome continuous with the dorsal 
edge of the septum (ontogenetically the “parietotectal” of De Beer, 1930). The 
Cupola anterior and the processus alaris inferior and p.a. superior are normal 
(figs. B and 8). 

A more lateral dome-like structure forms the roof and side-wall of the 
lateral half of the olfactory cavity projecting from underneath the vestibule 
(ontogenetically the “paranasal” of De Beer, 1930) (fig. 6). 'The anterior end of 
this dome is fused to the postero-lateral corner of the capsule of Jacobsonm's 
organ (fig. 8). Where the two domes meet each other on either side, a longitudinal 
groove is formed, the trough of which is filled with the glandula nasalis lateralis 
which is not lodged in a cavum conchale. 'The outer edge of the septomaxillary 
projects into the slit-like opening between these two cartilages on the floor of 
the groove, so that they remain separate along practically the whole length of 
the nasal capsule (figs. 9 and 10). A similar though less pronounced structure 
in the Gecko has been termed the fissura lateralis masi by Hafferl (1921), and 1 
have adopted this nomenclature for the “Iguania” as well. 

At the postero-dorsal corner of the nasal capsule the fisura widens out to 
allow for the entrance of the duct of the glandula nasalis lateralis into the nasal 
capsule (fig. 8). 'The actual point of entrance indicates externally the posterior 
boundary of the vestibule (fig. 7). Behind the duct the two cartilages fuse and 
the tectum nasi becomes continuous for a very short distance in front of the 
foramen olfactorium (fig. 6). In Lacerta the duct of the glandula nasalis lateralis 
runs forward from the cavum conchale and enters the nasal capsule through 
the postero-dorsal corner of the fenestra narina and behind the processus alaris 
superior. Essentially the same conditions obtain in Sceloporus, except that the 
duct has migrated backward with the posterior border of the vestibule, and it 
has conseguently carried the upper hind corner of the fenestra narina with it. 
The fissura lateralis nasi, therefore, merely represents a backward, slit-like 
continuation of the fenestra narina (fig. 8). In adult Lacertidae, older than the 
stage described by Gaupp (1900), that part of the fenestra narina allowing the 
entrance of the duct of the glandula nasalis lateralis is also partly closed of from 
the fenestra itself by an: approximation of the outer edge of the tectum nasi to 
the upper outer edge of the capsule of Jacobson. 'The fissura -lateralis may 
therefore be regarded as a normal Lacertilian structure which has been greatly 
exaggerated in the “Ascalabota” by the elongation of the vestibule. 

Once the homology of the fissura lateralis nasi is established, the interpretation 
of the rest of the tectum nasi is easy. In Lacerta the aditus conchae is situated 
immediately behind the fenestra narina, but the region lying behind the vestibule 
in Sceloporus has been telescoped to such an extent, that the concha has entirely 
'disappeared. ` The loss of olfactory epithelium thereby entailed is adeguately 
compensated for by the large size of the organ of Jacobson (cf. Snakes). 'The 
glandula nasalis lateralis, normally lodged in the cavum conchale, has shifted 
forward, filled up the cavity of the lateral groove, and come to lie in front of its 
duct, which now runs backward along the groove, before entering the nasal 
capsule. 

The course of the ramus ethmoidalis of Va and its branches, and the position 
of the foramen epiphaniale are of the utmost importance in establishing the 
homologies of the various structures in the posterior half of the nasal Ccapsule of 
Sceloporus. In Lacerta the ramus ethmoidalis enters the nasal capsule through 
the fissura orbitonasalis which is separated from the foramen olfactorium by 
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the cartilago sphenethmoidalis (Gaupp, 1900).” The lateral branch of the ethmoid 
issues from the nasal capsule through the foramen epiphaniale, situated 
immediately above the aditus conchae and indicating the line of demarcation 
between the paranasal and the parietotectal cartilages (De Beer, 1930). 


In Sceloporus two small foramina occur practically next to each other on 
the upper hind edge of the nasal capsule (fig. 6). 'The lateral one is slightly 
larger and represents the fissura orbitonasalis and part of the foramen 
olfactorium. The true nasal fibres of the nervus olfactorius and the ramus 
ethmoidalis of Va enter through it, and are separated by the sphenethmoid 
cartilage (fig. 6). 'The branch of the nervus olfactorius which innervates the 
organ of Jacobson (hervus vomero-nasalis) enters the capsule separately. After 
branching of from the nervus olfactorius it passes directly downward on either 
side of the septum and enters the nasal capsule through a slitlike incisura 
between the septum and the lamina antorbitalis (fig. 6, FNV). It then runs 
parallel with the septum to the organ of Jacobson. Dorsally this incisura is 
separated jrom the foramen already described by a strip of tectal cartilage 
which has no homologon in Lacerta where both the rami of the olfactorius enter 
through the large communal 'fenestra olfactoria (cf. fig. 14). In the 
small size of the foramen olfactorium the lIguania resemble the 
Chelonia and Crocodilia; but the condition is probably a secondary one in the 
Tguania, since the foramen olfactorium of Sphenodon is large like that of Lacerta 
and both the olfactory branches enter through it (Howes and Swinnerton, 1901). 
In the Chelonia and Crocodilia the nervus vomeronasalis is of course absent. 


Inside the capsular wall the ramus ethmoidalis gives of its lateral branch 
which almost immediately issues from the medial foramen; this therefore 
represents the foramen, epiphaniale. The short continuous tectal zone separating 
it from the incisura for the duct of the glandula nasalis lateralis is homologous 
with the entire conchal region of the Lacerta nasal capsule (fig. 6) (cf. also fig. 14). 


In Sceloporus there is no indication of a concha, but in Uta and Phrynosoma 
2a feebly developed concha occurs on the inside of the capsular wall of this region, 
although no cavum conchale exists. That the cavum conchale has been 
secondarily lost in the Iguanidae is proved by its presence in the genus Iguana 
itself. Its loss in Sphenodon must therefore have occurred' independently. 

Neither the paries nasi nor the planum antorbitale shows any peculiarities. 
The posterior part of the ventral edge of the paries bends upward and outward 
to form a gutter-like processus maxillaris anterior in which the ductus nasolaceri- 
malis lies (fig. 8). This trough is converted into a complete skeletal duct by the 
prefrontal. A well-developed processus mazxillaris posterior is also represented. 

The solum nasi is more complete than in any other Lacertilian examined 
and shows a number of peculiarities found in this family only. A lamina trans- 
versalis anterior is present and forms, as in TLacerta, the ventral completion of 
3 Zona annularis. The presence of a zona annularis is not immediately apparent 
from transverse sections, since the cartilaginous ring slopes back at an angle of 
450 (fig. 8). Its dorsal rim has presumably been carried back by the fissura 
1ateralis. This gives some indication of the degree of relative displacement which 
has taken place between the dorsal and the ventral parts of the capsule as a 
whole. 

From the lamina transversalis anterior the ectochoanal and the paraseptal 
cartilages project back in the normal Lacertilian manner (fig. 5). 'The paraseptal 
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is uninterrupted and its posterior end fuses with the inner ventral corner of the 
lamina antorbitalis. 'The ectochoanal is a small structure jutting outward and 
backward and supports the anterior end of the ductus nasolacrimalis. 


In addition to these two longitudinal structures the lateral wall and roof of 
the capsule of Jacobsom's organ are conjointly continued backward as a third 
cartilaginous bar lying parallel to the paraseptal and also medial to the choanai 
opening (fig. 5). About halfway along its length, and behind the choana, its 
lateral edge turns sharply outward towards the paries nasi and fuses with it 
and with the lamina antorbitalis. The wide gap between the paraseptal and this 
second bar is closed over by the vomer and the palatine. A considerable portion 
of the true olfactory part of the nasal cavity is provided in this way with a 
cartilaginous solum. Born (1879) regards both these cartilages as homologous 
with the paraseptal, since they are both situated medial to the choana. 
propose to call the second bar the lateral paraseptal, although this is not intended 
to imply that the two structures are regarded as having arisen by a longitudinal 
division of the original paraseptal. 'The objection to this latter interpretation 
is the fact that the anterior end of the lateral paraseptal lies lateral to the duct 
of Jacobson's organ and therefore lateral also to the primitive choana (Fuchs, 
1908). It thus bridges the primitive choana, and forms a cartilaginous support 
for the “secondary palate” (Fuchs, 1908). If this interpretation is correct, the 
choana of Iguanidae cannot be regarded as primitive. 'This apparent contradic- 
tion is cleared up if Beecker's (1908) theory respecting the lateral rotation of the 
organ of Jacobson in the ancestral lizard is accepted. A similar cartilaginous 
secondary palate is moreover formed in a number of other Lacertilians by the 
fusion (behind the duct of Jacobsom's organ) of the paraseptal itself with the 
side wall of .Jacobsom's capsule and in some instances with the ectochoanal 
(e.g. fig. d4). 

In the other Iguanid genera investigated the lateral paraseptal is interrupted 
behind the organ of Jacobson for some distance (fig. 16). 

Isolated nodules of cartilage occur in the same position as the lateral 
paraseptal immediately behind the organ of Jacobson in several Lacertilian 
genera, e.g. Teius and Agama. 

The capsule of the organ of Jacobson is more complete than in any non- 
Iguanid lizard, since it possesses a cartilaginous roof in addition to the bony 
covering provided by the septomasxillary (figs. 6 and 9). With the sole exception 
of Sphenodon, I do not know of any other reptile for which a cartilaginous roof 
for the organ of Jacobson has been described. Broom (1906) states explicitly: 
“In the Sduamata the organ of Jacobson is never roofed by cartilage as in 
Sphenodon, and the septomaxillary bone is highly developed to protect the very 
large organ.” Born (1879) does not fully describe the nasal capsule of Sceloporus 
but merely compares it with that of Liolaemus and Draco. About the organ of 
Jacobson he states: “Nur ist das Knorpelskelett des Jacobsomsches Organs viel 
entwickelter” (ie. than that of Draco), without going into any details or 
mentioning a roofing cartilage. For Liolaemus, however, he records the existence 
of a cartilaginous roof; but the nasal organ of this genus is apparently very 
atypical and the roof is clearly not homologous with that of Sceloporus. It 
would seem that the anterior half of the organ of Jacobson, instead of being 
situated beneath the vestibule, lies media] to it, and is conseduently roofed over 
by the tectum nasi. 'The septomaxsillary supports the lateral wall, and lies 
between the organ and the vestibule. 'The true roofing cartilage which should 
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have been situated medial to the bone is apparently absent or partly incorporated 
in the cupola anterior. (See Chamaeleontidae) Leiosaurus shows a similar 
development, but since the organ of Jacobson is not duite so large as it is in 
Liolaemus, only its medial half is roofed by the tectum (Born, 1879). 'The 
occurrencee of two distinct morphological types of cartilaginous roofing to 
Jacobson's organ in the same family is most remarkable. Strange that Born 
should have failed to record its presence in Sceloporus! 

The cartilaginous roof in Sceloporus is interrupted by a fairly extensive 
fontanella covered over by the septomasillary (fig. 8). In Uta exactly similar 
conditions obtain, but in Phrynosoma and Iguana the roof is complete. 

The septomaxillary is closely applied to the upper surface of the cartilaginous 
roof, but apart from this bears the same relations to the organ as it does in 
Lacerta. (See fig.9) The bone is, however, not limited by the posterior end of the 
organ, but is continued very far back and reaches up to the posterior border of the 
vestibule, thus acting as a support for its floor. 'This serves to strengthen the 
hypothesis that the septomasillary in the Sduamata as well as in the 
Rhynchocephalia and mammals is primarily an investing bone of the (ectodermal) 
vestibular wall, and its association with the organ of Jacobson is merely inciden- 
tal, and due to the topographical relations of these two structures. It, moreover, 
serves as a bony roof to the medial part of the olfactory nasal LEES behind 
the organ of Jacobson (fig. 10); but egually incidentally! 


Anteriorly the organ of Jacobson is protected by a cartilaginous cupola. As 
always in Lacertilia the medial wall of the capsule is formed by the septum nasi. 
The roofing cartilage is continuous with the latter about halfway along its height 
(fig. 9). . As already stated an anterior prolongation of the domelike cartilage 
roofing the olfactory cavity is fused to the upper postero-lateral corner of the 
capsule (fig. 8). 'The anterior end of the ductus nasolacrimalis opens into the 
“Choanenrinne” immediately beneath this bridging cartilage (cf. figs. 7 and 8). 
The lateral paraseptal is continuous with the capsule at its lower postero-lateral 
corner. A pronounced concha projects into the organ of Jacobson from the side 
wall of the capsule. 

The presence of the roofing cartilage of the organ of Jacobson in the 
Ieuanidae allows of two interpretations.: it may, of course, represent a secondary 
backward growth of the upper edge of the anterior cupola, and thus be part of 
the general backward elongation of the dorsal half of the nasal Capsule. 'The 
bulk of the evidence, however, is in favour of a second interpretation: that the 
primitive condition of the Lacertilian capsule, as typified by that of Sphenodon 
has been retained in the Iguanidae. A cartilaginous ledge along the septum nasi, 
supporting the inner edge of the septomaxillary has been described for several 
lizards belonging to the Scincidae and Lacertidae. 'This presumably represents a 
 medial rudiment of a once existing roof. Born (1879) duotes Fleischer (1877) as 
having noted the presence in an adult specimen of Lacerta (species not 
mentioned) of a thin cartilaginous lamella beneath the Os conchae ( — septo- 
masxillary). Born, however, denies the presence of any such element in the 
developmental stages investigated by him. Neither did the two specimens of 
Lacerta agilis at my disposal, one adult and one newly hatched, exhibit this. 

In Teius, however, thin, isolated strips of cartilage appear underneath the 
septomaxillary (fig. 46). Moreover, the extreme posterior end of the organ is 
surrounded by a complete ring of cartilage, through which the vomeronasal 
branch of the olfactory nerve enters (fig. 47). 'This ring is also present in all 
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three Lacertids investigated. If the ring mentioned above were greatly enlarged 
to accommodate the entire posterior half of the organ, it would correspond to 
tne Sceloporus cCapsule, except that Sceloporus would exhibit a ventral 
discontinuity; the ring is complete in Phrynosoma and Iguana. 

We may therefore conclude that a roofed capsule is the primitive condition 
in the Sguamata, and that the Iguanidae have retained it unchanged except for 
a secondary fenestration present in some genera. In the Teiidae and Lacertidae 
this process of fenestration has gone much further; in the other lizard families 
practically all traces of a roofing cartilage have been lost. 


Uta stansburiana 


According to Smith Hobart (1939): “Uta is perhaps directly allied to 
Sceloporus and presumably derived from one of its branches”. Conditions in 
the nasal region of Uta stansburiana support this view, since the nasal capsule 
corresponds in all important aspects with that oi Sceloporus. 

The vestibule reaches so far back that it is doubled on itself and opens into 
the true nasal cavity from a postero-dorsal direction. It thus extends back beyond 
the nasal cavity, and the cavum antorbitale is lined almost entirely by the 
characteristic vestibular epithelium. Conseduently the upper corner of the 
fenestra narina accompanies the duct of the glandula nasalis lateralis right into 
the cavum antorbitale. 'The lateral groove harbouring the gland is deep and 
broad. 

The dome-like tectum roofing the vestibule shows signs `of incipient 
fenestration, corresponding to a fenestra superior. 'The most anterior portion of 
the nasal capsule exhibits slight deviations from the Sceloporus type. A cupola 
anterior is practically non-existent, since the external nares are situated dorsally 
on the very tip of the snout. 'This position of the nostrils also occurs in 
Phrynosoma and in many other sandburrowing forms, e.g. Uma (Stebbins, 19438). 
The apical foramina lie far back on the tectum over the anterior portions of the 
organs of Jacobson. 'The prenasal process, instead of being cylindrical, consists 
of a thin vertical lamina partly separating the otherwise fused premasxsillaries. 
This laminar rostrum is interrupted by a fairly extensive fenestra. 

The capsule of Jacobsoms organ is identical with that of Sceloporus, but the 
lateral paraseptal is interrupted behind the organ for a relatively long distance. 
As in many lizards the paraseptal itself is also incomplete in the region of the 
organ of Jacobson. 


Phrynosoma douglassii 


In Phrynosoma the Sceloporus type of nasal capsule reoccurs, although it 
shows a greater degree of deviation than that of Uta. 

The cartilaginous dome roofing the vestibule is interrupted by a very large 
fenestra superior nasi commencing immediately behind the external naris and 
extending over the entire tectum right up to the posterior border of the vestibule. 
which is situated very far pack as in Uta. Wherever this fenestra is present, its 
extent would seem to be determined hy the size of the vestibule. Similarly the 
lateral edge of the medial dome is greatly reduced, with the result that the fissura 
lateralis is very wide. Since the fenestra superior reaches right up to the septum, 
the only vestige of the medial dome consists of a thin bar of cartilage between 
the fenestra superior and the fissura lateralis. 
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In both Uta and Phrynosoma the organ of Jacobson lies very far forward, 
its duct opening into the choanal groove beneath the hind end of the external 
nares, a condition possibly correlated with the extreme backward elongation of 
the vestibule in these genera. Such a position of the organ of Jacobson shows an 
approach to the Chamaeleon type of nasal capsule in which the organ has been 
displaced so far forward as to be completely obliterated in most species. As a 
result of its position the anterior portion of the organ is not covered by the 
septomaxillary. 'This is a further proof that the relation of the septomasxillary 
to the organ of Jacobson is purely incidental. 

The cartilaginous roof of Jacobson's organ is not fenestrated in this genus 
(fig. 11). Behind the duct of the organ the paraseptal is fused to its side wall 
for a short distance, and encloses the nervus vomeronasalis in a cartilaginous 
ring, complete except for the interruption between the paraseptal and the base 
of the septum (cf. fig. 47). It has already been pointed out that such a connection 
must be regarded as a cartilaginous “secondary palate” (Fuchs, 1908), since it 
bridges the primitive choana. 'The paraseptal itself is uninterrupted, but the 
anterior end of the lateral paraseptal is incomplete. 

With respect to the nasal region the three genera treated above apparently 
form a closely related group exhibiting only unimportant variations which in 
some instances form definite links in a morphological series. 


Iguana iguana iguana Shaw 


Ieuana exhibits the typical backward displacement of the tectal half of the 
nasal organ relative to its ventral half, but difers from all other Iguanidae 
investigated by Born (1879) and the author, in that it possesses a cavum conchale. 
The nasal capsule of Iguana, therefore, represents a morphological link between 
the Agamid-Iguanid type and the normal Lacertid type. Since the possession of 
a concha must be regarded as a primary condition in Lacertilia, Iguana occupies 
3a primitive position among the Iguanidae. 

The nasal cavities, in contrast to those of the above genera, are extremely 
complicated. 'The vestibule enters the true nasal cavity some considerable 
distance behind the organ of Jacobson, but, as a result of the presence of the 
concha it does not attain to the extreme degree of backward elongation found 
in the Sceloporus group. 

The extreme anterior portion of an extensive blind sac of the true nasal 
cavity has intruded between the posterior half of the organ of Jacobson and the 
vestibule, the septomaxillary being excavated to receive the anterior part of this 
Sac. Further back the bone becomes divided into two horizontal sduames, the 
upper lying between the vestibule and the blind sac, and the lower between the 
latter and the organ of Jacobson (fig. 12, left side). This lower sduame has thus 
become independent of the vestibular wall and serves solely as a covering for 
the posterior half of Jacobsom's organ, where the cartilaginous roof is incomplete. 
A somewhat similar condition obtains in Agama atra. 

Behind the organ of Jacobson the sac increases in height and occupies the 
position of the vestibule next to the septum nasi, the latter cavity being displaced 
laterally so that it lies on the side of the true nasal cavity, from which direction 
it effects its opening (fig. 12). Similar conditions have been recorded for Varanus 
(Born, 1879), and for Microsaura (Brock, 1941). 

From Born's description it appears that the anterior parts of the nasal 
cavities of Liolaemus and Leiosaurus are very similar to those of Iguana except 
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FIG.ILO 10) FIGI3.C(x8). 


FIG. 10: Sceloporus. Cross-section through middle of nasal region. 
FiG. 11: Phrynosoma. Cross-section through narial opening. 
FIG. 12: Iguana. Cross-section through anterior end of choana. 
FIG. 18: Ieguana. (Cross-section through conchal. region. 

(For abbrevfztions see general list at end of paper.) 


that, as a result of the enormous size of the organ of Jacobson, especially in the 
former genus, the vestibule is situated lateral to this organ as well as to the 
blind sac. Conseduently the organ of Jacobson is roofed over by the tectum nasi 
(Born, 1879). In Liolaemus Born describes synchondrotic continuity of the 
cartilage roofing the vestibule, with the cartilage forming the capsule of 
Jacobson's organ and the roof of the anterior part of the true nasal cavity 
(— ontogenetically the “paranasal” of De Beer 1930). Obviously Born considers 
` the former cartilage as representing the ordinary roofing cartilage of the 
vestibule ( — ontogenetically the “parietotectal” of De Beer): “Liolaemus pictus 
Zeichnet sich in sehr eigenthiimlicher Weise dadurch aus, dass das vordere Ende 
des Jacobsons'chen Organs nicht unter, sondern neben dem Vorhofe gelegen ist. 
Es besitzt dasselbe in Folge dessen ein Knorpeliges Dach, das aus dem oberen 
Rande des Septums hervorgeht; ... ”. In no other Lacertilian, however, does 
the anterior part of the parietotectal cartilage (ie. the cupola anterior) fuse with 
either the capsule of Jacobson's organ or with the paranasal in this region. It 
is evident, therefore, that the cartilage roofing both the organ of Jacobson and 
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the vestibule represents the common product of the roofing cartilage of Jacobson's 
organ and the cupola anterior. This apparent fusion would seem to be a result 
of the extreme anterior position of the organ and to its large size. The organ of 
Jacobson with its capsule has been pushed so far forward that it has reached 
the anterior edge of the septum, and simulates the true cupola anterior which 
has been laterally displaced. A slance at fig. 15 of Iguana, where the organ of 
Jacobson is situated very far forward and the cupola is much reduced will 
support this deduction (cf. also Brock's work on Microsaura, 1941). 

Both Liolaemus and Leiosaurus lack a cavum conchale, but the lateral groove 
containing the glandula nasalis lateralis is continued backward beyond the 
posterior end of the fissura lateralis, and an extensive cartilaginous process 
formed by the confiuent edges of the parietotectal and the paranasal cartilages 
projects into the nasal cavity in the region where the concha containing the 
cavum conchale is normally situated (Born, 1879: Taf. VII, fig. 18). A similar 
“concha” is noted by Born for the Agamid, Draco volans, which also lacks a 
cavum conchale. 

In Iguana the structure of the true nasal cavity is further complicated by 
the presence of a typical Lacertilian concha nasalis. A cavum extraconchale is 
present between the outer conchal wall and the outer capsular wall. In Lacerta 
only a very small anterior portion of the cavum forms a blind recess, since the 
concha becomes detached from the tectum nasi almost immediately behind the 
aditus conchae. Resulting from the posterior displacement of the tectum nasi 
in Iguana, the point of detachment has shifted so far back that the cavum 
extraconchale remains blind for more than half its length and has no 
Communication with the nasal cavity itself except by a roundabout way through 
the cavum antorbitale. 'The concha loses its connection with the paries nasi 
some distance in front of the posterior end of the choana (and in front of the 
point where the dorsal connection is lost), so that the cavum extraconchale 
2zommunicates directly with the oral cavity (via the “Choanengang”) (fig. 18). In 
spite of the fact that the direct respiratory air current apparently does not pass 
through this recessus, it is lined with typical olfactory epithelium. 

These peculiar conditions can only be accounted for on the assumption for 
Iguana of a relative backward displacement of the tectal half of the nasal 
capsule, similar to but less advanced than in the Sceloporus group which lack a 
concha. Additional evidence for this hypothesis is provided by the structure of 
the aditus conchae which is prolonged backward into a long fissure-like opening 
leading down into the cavum conchae (fig. 14). 

A well-developed processus praenasalis is present between the two cupolae 
anteriores, which are somewhat reduced in size, since the external nares open 
on the extreme tip of the snout as in Uta and Phrynosoma. With the removal 
of the skin, preparatory to sectioning, the region around the external nares was 
unfortunately slightly damaged, so that it was not possible to determine whether 
the processus alaris inferior is duite so small as is indicated on figs. 14, 15 and 16. 
The alaris superior consists of a mere knob of cartilage as in all Iguanidae. 

The contiguous edges of the cartilages roofing the vestibule and the anterior 
blind sac of the true nasal cavity have been sunk into the interior of the nasal 
organ, as a result of the inward migration of the true nasal cavity. Conseguently 
the anterior part of the fissura lateralis lies at the bottom of a. deep, narrow 
cleft (fig. 12) which widens out posteriorly to accommodate the anterior part of the 
glandula nasalis lateralis and then leads into the cavum conchale. Inside the 
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FG. 14: Iguana. Dorsal reconstruction of nasal capsule. 

FIG. 15: Ieguana. lLateral reconstruction of nasal capsule. 

EG. 16: Iguana. Ventral reconstruction of nasal capsule. 

FG. 17: Anolis. Cross-section through posterior half of nasal region. 
(For abbreviations see general list at end of paper. 


cavum conchale the edges of the fissura lateralis effect synchondrotic continuity 
over a small area; so that an independent foramen is established in the posterior 
confines of the fissura. 'Through this foramen the duct of the glandula nasalis 
lateralis enters the nasal cavity (cf. Young, 1942 for Xantusia). 

As in Sceloporus the fenestra olfactoria is divided into two separate foramina,. 
The ramus ethmoidalis of Va and the nervus olfactorius enter through the 
dorsally situated one, and the olfactory branch innervating the organ of Jacobson 
(nervus vomeronasalis) enters through the medial, vertically situated foramen 
(fig. 14). The foramen epiphaniale lies relatively far forward above the recessus 
extraconchalis. 

The maxillary processes are represented by a large laminar structure strongly 
reminiscent of the detached plate found in Microsaura ( — Lophosaura auctorum). 

The lamina transversalis anterior completes a zona annularis which slopes 
back at the same angle (approximately 450) as in Sceloporus. 'The degree of 
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relative movement inferred to have taken place between the tectum and solum 
nasi thus appears to be the same as in the other Iguanidae, but the posterior part 
of the nasal capsule has not been shortened to the same extent as in the forms 
lacking a concha. 

The roofing cartilage of the organ of Jacobson is not as extensive as in the 
other Iguanid genera investigated, only the anterior half of the organ lying in 
front of the duct being completely covered (figs. 15 and 16). 'The posterior half 
of the organ is roofed over by the lower horizontal sduame of the septomasxillary. 
The ectochoanal is extremely reduced, being represented by a mere knob of 
cartilage supporting the lateral wall of the anterior tip of the ductus 
nasolacrimalis. 'The paraseptal, on the other hand, is a well-developed, broad, 
horizontal structure except for a portion opposite the duct of Jacobsoms organ 
which is vertically placed, and forms the greater part of the median wall of 
the organ (fig. 16). Behind the duct the paraseptal is connected with that part 
of the lamina transversalis anterior from which the ectochoanal and the lateral 
paraseptal project backward. Jacobsoms duct, therefore, appears to issue through 
a large foramen in the lamina transversalis anterior (fig. 16). It has already 
been pointed out that this connection must represent a cartilaginous “secondary 
palate”, since the organ of Jacobson opened primitively into the anterior part of 
the choana (Fuchs, 1908). 'The lateral paraseptal is incomplete, but strongly 
developed anterior and posterior rudiments indicate a secondary reduction. 


Anolis sagrae 


The nasal region of this genus is very different from that of the other genera 
investigated; and if it were not for the presence of one or two typical Iguanid 
characteristics (e.g. the rostrum), it would not be recognizable as belonging to a 
member of this family. 

The nasal cavities themselves are of very simple structure. 'The vestibule, 
in contrast to that of the other Iguanidae, has undergone but a slight degree of 
elongation and the duct of the glandula nasalis lateralis enters its posterior 
border not far behind the organ of Jacobson. It lies, moreover, in front of the 
true nasal cavity and enters it in the normal Lacertilian manner. 'The nasal 
cavity itself is a simple sac, oval in cross-section with the breadth measuring 
about twice, and the length three times the height (fig. 19). The median two- 
thirds of the surface is lined with respiratory epithelium. 'There is no indication 
of a cavum conchale: the glandula nasalis lateralis being extremely reduced in 
size and scarcely reaching back beyond its duct. 

The choana, in direct contrast to that of all the other Iguanidae investigated, 
opens into the posterior third of the nasal cavity (ci. figs. 19 and 7). 

Born (1879) distinguishes between an “inner” and an “outer” choana. 'The 
inner represents the opening between the nasal cavity itself and the 
“Choanengang” (of Fuchs, 1908) and the outer the opening of the latter into the 
oral cavity. According to Fuchs (1908) a “secondary palate” may be formed 
behind the organ of Jacobson by a fusion of the sides of the “Choanengang” at 
either of the two levels corresponding to Bornm's inner and outer choanae. 

The extensive “secondary palate” of Anolis is very peculiar in that both 
these closures are present, thus transforming the “Choanengang” into a duct 
leading from the opening of the organ of Jacobson to the choana (fig. 17). 'The 
ductus nasolacrimalis runs parallel to this duct and opens opposite the duct of 
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Jacobsom's organ into its anterior end, which in turn leads into the oral cavity 
(figs. 17 and 19). 

The upper of the two “secondary palates” is not supported by any skeletal 
element and is homologous both with respect to topography and structure with 
the “secondary palate” occurring in Lacertidae and Scincidae etc. (Fuchs, 1908). 
'The lower closure on the other hand is supported by the enormously enlarged 
ectochoanal which covers duite an extensive area of the vomer ventrally (figs. 
17 and 18). In the Geckonidae and the Xantusiidae (Young, 1942) the ectochoanal 
also shows an enlargement, but here it serves as a support for the sides of a 
“ductus nasopharyngeus”. In the families 'Teiidae, Anguidae, ,Anniellidae, 
Amphisbaenidae, Varanidae and in snakes, the “Choanenrinne” (choanal groove), 
present in Lacerta between the opening of Jacobsoms organ and the choana 
(Fuchs, 1908), is also obliterated externally by the development of a “secondary 
palate” (figs. 47, 52 and 55). In these forms a single duct runs above the. 
secondary palate, and it is clear that the condition has been arrived at 
independently in Anolis, being derived from a normal lIguanid type. 'The 
homology of the single duct is discussed elsewhere. 

The cartilage of the nasal capsule, especially that of the solar region shows 
an extreme degree of reduction. A relatively long prenasal process juts out 
between the two cupolar cartilages as in all Iguanidae. The superior alar process 
is rudimentary. 'The parietotectal cartilage is uninterrupted throughout, since 
a fenestra superior nasi is absent. 'The paranasal cartilage, forming the side 
wall and part of the posterior roof has been greatly reduced, besides having 
been interrupted by a large fenestra lateralis behind the glandula nasalis 
lateralis (fig. 18). 

Beyond a brief anterior cupola, the capsule of the organ of Jacobson consists 
solely of a rod-like side wall, bearing, however, a concha which juts into the 
lumen of the organ dorso-laterally. 'There is no indication of a paraseptal or 
a roofing cartilage, the place oi the latter being taken by the septomasxillary as 
in all non-Iguanid lizards. A small ledge near the lower edge of the septum 
supports the septomaxillary medially. 'The septum does not reach down between 
the right and left organs of Jacobson, and the medial walls are formed by 
vertical sguames of the vomer (cf. Chamaeleontidae). Behind the organ the side 
wall is continuous with the anterior part of the paranasal. 'The shortness of 
the fissura lateralis nasi may be correlated with the fact that the vestibule does 
not reach back much beyond the organ of Jacobson. 

The lamina transversalis anterior is very narrow, and both the paraseptal 
itself and the lateral paraseptal are absent (fig. 18). 'The ectochoanal, on the 
other hand, is a broad, flat structure reaching back to the anterior edge of the 
choana; it is situated dorsal to the mazillary, but its median edge overlaps the 
vomer, to which it is closely applied (figs. 17 and 18). 

The course of the lateral branch of the ramus ethmoidalis of Va also 
indicates that the nasal capsule of Anolis must be derived from an ordinary 
Iguanid type, in spite of the wide divergence exhibited by the vestibule and the 
position of the choanal opening. 'The ramus ethmoidalis divides into its two 
branches immediately before it enters the nasal capsule. 'The ramus lateralis, 
however, instead of entering together with the ramus medialis, remains outside 
the capsule (cf. Crocodilus). It crosses immediately in front of the point of 
attachment of the cartilago sphenethmoidalis on its way to the glandula nasalis 
lateralis. This total absence of a foramen epiphaniale is explained by a 
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F1G. 18: Anolis. Ventral reconstruction of nasal capsule and palatal bones. 
FIG. 19: Anolis. Lateral reconstruction of nasal sac. 
F1iG. 20: Agama. (Cross-section through region anterior to Jacobsoms organ. 
FIG. 21: Agama. Cross-section through anterior end of choana. 
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comparison with the condition found in Sceloporus (fig. 6); for if the thin strip 
of cartilage separating the foramen epiphaniale from the fissura orbitonasalis 
were to disappear, a condition similar to that of Anolis would be arrived at. As 
a result of the reduction of the lamina orbitonasalis the two branches of each 
olfactory nerve do not enter separately as in the other Iguanidae. In Anolis 
itself there is no apparent morphological reason for the extreme posterior 
migration and conseguent loss of the foramen epiphaniale, unless a course of 
events similar to that culminating in the usual Iguanid condition is accepted. 
A subsedguent lengthening of the nasal region must, therefore, account for the 
position and relative shortness of the vestibule. 

The cartilago sphenethmoidalis is about .4mm. long and is not continuous 
with the planum supraseptale. The musculus obliguus inferius is attached to its 
free end. 


n 
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Agamidae 


The Agamidae and the Iguanidae are regarded as so closely, related that 
they are placed in the same group, Eunota, by Duméril and Bibron (1834—1854), 
while Camp stresses their affinity by creating a separate section, Iguania, for 
them. Investigation of the nasal capsule points to a derivation of the Agamidae 
from an Iguanid ancestor, which must have resembled Sceloporus, Uta and 
Phrynosoma in the absence of a concha. The Agamidae, however, lack the 
primitive Rhynchocephalian characters, e.g. the prenasal process and the roofing 
cartilage of the organ of Jacobson, which are so typical of the Iguanidae. 'The 
2nly work done on the nasal capsule of the Agamidae is tHat of Born (1879), 
who investigated Draco volans L. and Grammatophora barbata Kaup. 


Of this family I have investigated an adult specimen of Agama atra and 
four embryological stages of Agama hispida. 'The results agree in all important 
points with Borms description of Draco and (Grammatophora, so that the 
Agamidae appear to constitute a much more compact family than the Iguanidae, 
whose nasal capsule shows an astonishing amount of divergence. 

The configuration of the nasal cavities corresponds with that of Sceloporus 
in all particulars except for differences in the relative size of the various parts. 
The outermost horizontal sac of the vestibule is very large, as is also the anterior 
part of the nasolacrimal duct. The latter opens into a very exztensive 
“Choanengang”. 'The true nasal cavity appears relatively very small, and the 
surface lined by sensory epithelium much reduced (fig. 21). 'The organ of 
Jacobson, on the other hand, is well-developed, thus amply compensating for 


the reduced function of the nasal cavity (cf. Ophidia). As in Sceloporus the. 


vestibule reaches very far back and opens into the antorbital cavity from above. 
The anterior portion of the true nasal cavity resembles that of Iguana in that 
it has intruded between the vestibule and the posterior half of the organ of 
Jacobson. 

The most notable feature of the nasal capsule of Agama is the very large size 
of the cupola anterior and the alar processes (figs. 22 and 24). 'The superior alar 
process is unidue in projecting laterally beyond the widest margin of the paries 
nasi. An extensive internasal cavity is formed between the two cupolae, but 
there is no indication of a prenasal rostral process of the septum. Dorsally the 
Cupola anterior shows a wide, shallow depression occupied by the body of a large 
narial muscle. 'This muscle has three heads: a long outer one originating on 
the outer surface of the maxillary, and a short median one arising from the 
under surface of the nasal inside the anterior part of the canal formed between 
the bony and the cartilaginous nasal capsules harbouring the lateral nasal gland, 
and a third head consisting of a small strand of fibres attaching to the processus 
alaris inferior (fig. 69). 'The bulk of the fibres run forward to insert on the 
superior alar process and the anterior part of the cupola itself. 'The occurrence 
of an apparently most effective opening and closing mechanism in the external 
nares of a genus with habits not dissimilar from many other lizards is extremely 
puzzling. The muscle itself is present in all lizards investigated by me but does 
not exhipit this excessive development in any other form. Its homologies are 
discussed in the summary. 

The fissura lateralis nasi and the position of the ductus glandula nasalis 
lateralis are similar to those of Sceloporus (figs. 21 and 93). 'The lateral nasal 
groove harbouring the lateral nasal gland is prolonged backward up to the fissura 
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FIG. 22: Agama. Ventral reconstruction of nasal capsule. 
FIG. 23: Agama. Lateral reconstruction of nasal capsule. 
FIG. 24: Agama. Dorsal reconstruction of nasal capsule. 
FIG. 25: Microsaura (adult). Cross-section through organ of Jacobson. 
(For abbreviations see general list at end of paper.) 


orbitonasalis. As in Iguana the inner edge of the paranasal accompanies the true 
nasal cavity deep into the interior of the nasal organ and forms a cartilaginous 
support for the lateral part of the vestibular floor (fig. 21), the medial half of 
which is supported by the septomaxillary. A cavum conchale is absent, but 
behind the fissura lateralis nasi a small cartilaginous ledge projects into the 
nasal cavity from the floor of the lateral nasal groove (cf. Born, 1879). 

In Agama it is evident that the dorsal part of the septum, in the posterior 
part of the capsule at any rate, is of capsular origin since it is formed by the 
fusion of the laminae antorbitales along practically the entire height of the 
capsule. The true trabecular septum is represented by a cylindrical rod lying 
between the paraseptals (fig. 23). As a result of these conditions it appears as 
if the planum antorbitale were fused to the septum. 

The nerve foramina have been greatly altered and displaced by the backward 
movement of the dorsal part of the capsule relative to the ventral. 'The olfactory 
nerve enters the nasal capsule through a number (three or four) of foramina in 
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the planum antorbitale (fig. 24). 'The nervus vomeronasalis enters through a 
separate foramen as in the Iguanidae, but owing to the fusion of the antorbital 
plates this foramen is situated so low down on the posterior face of the capsule 
as to be almost ventral in position. 'The left and right vomeronasals run down- 
ward alongside each other behind the fused antorbitals, and each enters its own . 
half of the capsule immediately in front of the point of fusion of the paraseptal 
and the planum antorbitale. 'The nerve then passes forward along the dorsal 
surface of the paraseptal and enters the organ of Jacobson in the usual manner. 
As in Anolis the foramen epiphaniale is absent, since the lateral branch of the 
ramus ethmoidalis of Va does not enter the capsule at all, but separates from 
the medial branch outside the fissura orbitonasalis to pass directly to the lateral 
nasal gland, whose posterior end lies immediately anterior to the fissura (fig. 24). 
Contrary to what may be expected the medial branch does not enter through the 
large slit-like foramen situated underneath the sphenethmoid commissure, but 
through a small more medianly situated foramen (fig. 24). A part of the olfactory 
enters through the former. 

The solum nasi and the capsule of Jacobsoms organ are most incomplete 
and do not resemble the Iguana condition at all. 'There is no indication of the 
roofing cartilage to the organ of Jacobson, the septomaxillary alone covering the 
organ as it does in all lizards except the Iguanidae. 'To a lesser extent than in 
Iguana the medial migration of the anterior part of the true nasal cavity is 
responsible for the bisguamous nature of the -septomasxillary; a horizontal, 
sduame separates the vestibule from the organ of Jacobson and a vertical one 
supports the partition between the vestibule and the true nasal cavity. As a 
result of the position of the anterior part of the true nasal cavity, the anterior 
end of the dome-like cartilage covering it (i.e. ontogenetically the paranasal) is 
fused to the middle of the side wall of Jacobsoms capsule instead of to its 
posterior end (fig. 238). From the lower edge of the side wall a pronounced 
concha juts into the lumen of the organ of Jacobson. 

The short ectochoanal cartilage projects backward from the lamina trans- 
versalis anterior and partly covers the side wall cartilage of Jacobsonm's organ 
which reaches back some distance beyond the organ and the ectochoanal (fig. 99). 
The paraseptal is interrupted over the length of the organ of Jacobson and 
conseduently does not reach the lamina transversalis anterior. According to 
Born (1879) the paraseptal is absent in Draco volans. Jn a young embryo of 
Agama hispida, however, the paraseptal is continuous throughout. In Agama 
atra a number of small, isolated nodules of cartilage points to a former 
connection between the side wall of the organ of Jacobson and the free anterior 
end of the paraseptal. 'The posterior continuation of the side wall cartilage 
would moreover seem to represent the rudiment of the lateral paraseptal present 
in Iguanidae. 'There is, however, no posterior rudiment. A small detached 
maxillary process is present. (Not shown in figures.) 


Chamaeleontidae 


This family differs from all other lizards in several fundamental points, and 
older systematists seem to have found difficulty in determining their taxonomic 
position. 'They were placed in a separate suborder by Cope (1900), Firbringer 
(1900) and Gadow (1901). Cope was the first to suggest their derivation from 
the “Pachyglossa” ( — Agamidae and lIguanidae), and although their affinities 
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are still somewhat opscure, Camp (1923), Broom (1985) and Brock (1941) indline 
to the view that they are an ofshoot from a pro-agamid ancestor. Camp (1923) 
gives the section Rhiptoglossa ( — Chamaeleontidae) egual tazonomic value with 
the sections Iguania and Gekkota under the principal sub-division Ascalabota, 
all the remaining families being placed under the Autarchoglossa. The present 
investigation on the nasal capsule fully supports the view that the Chamaeleon- 
tidae have diverged from the pro-agamid-iguanid stock. 

Both Solger (1876) and Born (1879) have described the nasal cavities of a 
number of lizards belonging to the genus Chamaeleo. Parker (1881) in his 
monograph on the Chamaeleon skull has given a brief description of the nasal 
Ccapsule. More recently Haas (1937) published a paper on the structure of the 
nasal cavities in Ch. chamaeleon. Brock (1941) in a study of the skull of 
Microsaura ( — Lophosaura) ventralis has given a very convincing interpretation 
of the nasal capsule, which disagrees somewhat with Haas's view, especially with 
respect to the anterior solar elements. 

For the present investigation II had at my disposal sections of adult 
Specimens of Microsaura pumila (Daud.) and Chamaeleo bitaeniatus hOhmelii 
Steindachner, and a very complete set of embryological stages of M.pumila 
collected by Dr. CO. A. du Toit. 

Brock (1941) is of the opinion that the peculiarities of the nasal organ are 
wholly due to the enormous development of the eye which has caused the 
telescoping of the ethmoid region and especially the posterior part of the nasal 
capsule; this shortening being compensated for by the enlargement of the 
anterior nasal region to accommodate the nasal organ. A comparison with the 
Iguanidae and Agamidae shows, however, that, although a telescoping of the 
ethmoid region has undoubtedly caused the fusion of the planum supraseptale 
to the planum antorbitale, sguashing the sphenethmoid commissure out of 
existence, the type of the nasal capsule itself is directly derivable from the 
Ieguanid condition as described by Born for Liolaemus and Leiosaurus. In reality 
the explanation of the peculiarities of the nasal capsule (ie. the absence of the 
concha and the position of the organ of Jacobson) is the shortening of the nasal 
region relative to the total length of the skull; this had already taken place in 
the ancestral Iguanid-Agamid type, but has been further complicated in the 
Chamaeleontidae by the enlargement of the eye and the tongue. 

Microsaura pumila pumila (Daud.) is selected for detailed description, since 
like many South African animals it appears to have retained a more primitive 
structure than the Northern members of the family. The retention and position 
of a fairly well-developed organ of Jacobson (Brock 1941) are especially instructive 
since in the other representatives of the family it is either rudimentary, as in 
Ch. chamaeleon (Haas 1937), or entirely absent as in Ch. bitaeniatus hihnelii. 

Except for the extreme anterior position of the organ of Jacobson the nasal 
cavities of Microsaura are practically identical with those of a generalized 
ITguanid. Liolaemus even approaches the chamaeleon condition with respect 
to the position of the organ of Jacobson. 'The nasal cavities of Microsaura are 
chiefly characterized by the high desree of reduction of olfactory epithelium. 
The vestibule is very large, and since the organ of Jacobson is isolated in front 
of the external nares (fig. 25), it is for some considerable distance the only part 
of the nasal Cavity to appear in transverse sections. A small anterior blind 
portion of the true nasal cavity lies medial to the vestibule; the latter opening 
into the nasal cavity laterally in the niveau of the anterior end of the choana. 


96 


LTA LTA 


RETH 5 


FIG.29.(x 2). 


PMP 


se FIG28 (Gan. 
FIG.27.6%12). ey Lié FIG.30. (x 52) 


FIG. 96 : Microsaura (adult). Dorsal reconstruction of nasal capsule. 

FIG. 27: Microsaura (adult). Lateral reconstruction of nasal capsule. 

FIG. 28: Microsaura (31 cm. embryo). Dorsal reconstruction of nasal capsule. 

FIG. 29: Microsaura (adult). Ventral reconstruction of nasal capsule. 

FIG. 30: Microsaura (5.4 cm. embryo). Oross-section through organ of Jacobson. 
(For abbreviations see general list at end of paper.) 


The opening of the vestibule is very large, so that the vestibular epithelium is 
continued very far back and the foramen for the duct of the lateral nasal gland 
lies nearly in the same plane as ihe small foramen olfactorium (figs. 26, 28 and 
29). 'The olfactory chamber is very small and the olfactory epithelium so reduced, 
that, since the epithelium of the organ of Jacobson also shows signs of 
degeneration, the nasal organ has apparently completely lost its sensory function. 

In Ch. chamaeleon the posterior end of the vestibule is transformed into a 
blind “lateral respiratory cavity” (Haas, 1937). Tn Microsaura this is not the 
case, but the opening of the vestibule into the reduced olfactory chamber is 
prolonged backward as an extensive groove. Since the vestibular opening is 
situated directly above the choana, the respiratory air current can pass directly 
through the nasal cavities instead of having to follow the tortuous course Haas 
describes for Ch. chamaeleon. As in Anolis there is no definite cavum antorbitale, 
so that both the vestibular and olfactory epithelia merge gradually into the 
epithelium of the oral cavity in the orbitonasal groove. 

As has been described for Agama atra a smooth muscle associated with the 
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external naris is present in addition to the elastic muscular tissue lining the 
vestibule. In Microsaura this muscle originates on the postero-ventral edge of 
the fenestra narina and divides into two heads behind the narial opening 
(H1, 2 and 3 in fig. 61). 'The upper of these lies above the narial opening and 
inserts on the dorsal edge of the fenestra narina in the position of the processus 
alaris superior. 'The lower one inserts on the processus alaris inferior beneath 
the narial opening. 'The relations of the narial muscle to the skeletal elements 
point to an homology with the musculus constrictor naris of Urodeles (see 
summary). A similar though considerably larger muscle is found in Ch. bitaeniatus 
hohnelii. 

The organ of Jacobson in Microsaura is situated exceptionally far forward, 
in front of the narial opening (fig. 25). It opens directly into the oral cavity 
because it is cut of from the choana and the ductus nasolacrimalis by an 
extensive “secondary palate” (Fuchs, 1908). Among lizards this separation of the 
ductus nasolacrimalis from the organ of Jacobson is unidue and is undoubtedly 
correlated with the specialisation of the tongue and the feeding habits. In all 
other members of the family investigated the organ of Jacobson is absent or 
extremely reduced. In Microsaura it is lined by typical olfactory epithelium 
which, however, shows a certain amount of degeneration such as may also be 
observed in the olfactory nasal chamber itself. 

The development of Microsaura pumila proves that the separation of the 
organ of Jacobson and the nasolacrimal duct arose through secondary speciali- 
sation of the normal Lacertilian condition. In the Yyoungest embryo at my 
disposal (.9 c.m. totallength) the primitive nasal groove is still open along its 
whole length and the anlage of the ductus nasolacrimalis has not yet made its 
appearance. In the next stage (1.5 cm.) Fuchs: primitive palate has separated 
the external narial opening from the primitive choana. 'The organ of Jacobson 
opens into the medial wall of the anterior end of the primitive choanal groove, 
and opposite it in the unthickened epithelium of the lateral wall a deep pocket 
has now appeared (fig. 31). In the same section a groove lined with thickened 
epithelium and representing the anlage of the nasolacrimal duct is situated in 
front of the eye. A solid epithelial cord originating from this groove is already 
growing towards the lateral pocket in the choanal groove. Unfortunately the 
1.9 c.m. stage shows no advance on the previous one, so that the actual fusion of 
the two rudiments could not be observed. ln the next stage (24 cm) the 
outlines of the fused trabeculae and the parietotectal cartilages are indicated by 
dense blastematous tissue, and the relations of the nasal cavities have already 
become altered to some extent. 'The external narial opening is still situated in 
front of the organ of Jacobson, but the opening of the latter has become 
independent of the rest of the choanal groove through the development of a 
“secondary .palate” (Fuchs, 1908). 'The anlage of the ductus nasolacrimalis, 
however, still ends near the posterior portion of Jacobsoms organ and some 
considerable distance in front of the choana. This is best illustrated by reference 
to fig. 32 of the 2.5 c.m. stage in which the relations of the nasal cavities are 
the same as in the previous one, but the nasal capsule has reached the procarti- 
laginous stage and the maxillary and pterygoid have made their appearance. 
In the 31 cm. specimen which is considerably older than the previous stages, 
adult relations obtain: the organ of Jacobson is situated in front of the external 
nares and the opening of the nasolacrimal duct has migrated backward to open 
into the anterior end of the choana. 
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The structure of the cartilaginous nasal capsule reflects the reduction of the 
olfactory area in the nasal cavities (figs. 26, 27 and 29): the anterior cupola 
harbouring the vestibule appears greatly enlarged in comparison with the rest 
of the capsule. 

The septum nasi is peculiar in that it sharply loses height in passing forward 
and eventually dwindles away in the anterior third of the capsule (figs. 25 and 
99). 'The left and right organs of Jacobson are separated by a bony septum 
formed by the anterior fused tips of the vomers (fig. 25). As Brock (1941) has 
pointed out, it appears as if the organ of Jacobson has been “pushed out” in 
front of the septum (cf. figs. 28 and 99). In a 2.5 c.m. stage of Microsaura pumila 
the anterior tip of the fused trabeculae still reaches a point between the anterior 
ends of the organs of Jacobson (fig. 32). 

As in lLiolaemus (Born, 1879) the vestibule lies lateral to the organ of 
Jacobson, but is separated from it by a cartilaginous wall (fig. 25) instead of by 
the septomasxillary. There is no sign of this bone in Microsaura, and the anterior 
part of the organ is roofed over by cartilage apparently forming part of the 
tectum nasi (fig. 25). But as already pointed out in connesion with Liolaemus 
this cartilaginous roof cannot represent the tectum, as was suggested by Born 
(1879) but must be homologised with the anterior cupola of Jacobsom's organ, 
which has come to lie on the dorsal surface of the nasal capsule owing to the 
tateral displacement of the vestibule and its cupola anterior normally covering 
the organ of Jacobson (fig. 25). The position of the foramen apicale on the roof 
of the nasal capsule behind the organ of Jacobson (fig. 26) supports this view. 
The cartilage separating the vestibule from the organ of Jacobson undoubtedly 
represents the laterally displaced roofing cartilage of the organ and it serves 
to emphasize the close relationship of the Chamaeleontidae with the Iguanidae, 
the only other Lacertilian family in which a complete cartilaginous roof is 
present. 'The position of the septomaxillary in Liolaemus (see Sceloporus) 
establishes the homology of the cartilage. 

It would seem that the peculiarities of the anterior part of the nasal organ 
of Microsaura is a result rather of the large size of the tongue than of the 
forward bulging of the eye: 'The anterior buccal roof is dome-shaped to 
accommodate the tongue, the nasal organ has been compressed dorso-ventrally 
so that the septum is diminished in height, the vestibule has been laterally 
displaced and the organ of Jacobson forwards (fig. 25). 

The cupola anterior bears a well-developed processus alaris inferior (figs. 97 
and 29). The processus alaris superior is absent but its position is indicated by 
the attachment of the dorsal head of the smooth nasal muscle (fig. 61). 'The 
transverse part of the lamina transversalis anterior is situated vertically in front 
of the organ of Jacobson and thus forms part of the anterior wall of the nasal 
capsule (fig. 29). In a 31 cm. embryo the cupolar part of the parietotectal 
cartilage has not yet fused with the cartilaginous capsule of Jacobsoms organ in 
front of the apical foramen (fig. 28), although it is continuous with the 
backwardly directed part of the lamina transversalis anterior. In the same 
developmental stage it appears that the most anterior tip of the fused trabeculae 
is incorporated into the anterior vertical part of the lamina transversalis so that 
although the organ of Jacobson lies so very far forward it is not situated in 
front of the septum as Brock (1941) maintained. 

The paraseptal cartilage is absent in the adult Microsaura pumila, and 
according to Brock (1941) it is not recapitulated in the ontogeny of Microsaura 
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FIG. 31: Microsaura (1.5 cm. embryo). wvross-section through nasal region. 
FIG. 32: Microsaura (2.5 cm. embryo). (Oross-section through nasal region. 
FIG. 33: Pachydactylus. Ventral reconstruction of nasal capsule. 
FIG. 34: Pachydactylus. Lateral reconstruction of nasal capsule. 

(For abbreviations see general list at end of paper.) 


ventralis. In a 5.4 c.m. embryo of Microsaura pumila a paraseptal does occur as 
a small unattached nodule of procartilage on the medial side of each organ of 
Jacobson (fig. 30). In older embryos it has disappeared. 'This proves conclusively 
that the anterior part of the cartilage called by Haas (1987) the “paraseptal” 
must represent a longitudinally directed part of the lamina transversalis anterior 
(fig. 29) (cf. Brock, 1941). This view is supported by the presence of a rudimen- 
tary concha of Jacobson's organ projecting from this cartilage (fig. 30). 'The 
ectochoanal is bifurcated into an outer, broad, laterally directed process 
Supporting the anterior end of the ductus nasolacrimalis, and an inner, slender, 
palatal process supporting the lateral edge of the choana for some distance 
(fig. 29). ` 

A foramen in Microsaura ventralis called by Brock the “fenestra superior” 
would appear to be the foramen for the duct of the lateral nasal gland, since 
both the nasal fenestrae are absent as in most Ascalabota (cf. text fig. 8 in 
Brock, 1941 with figs. 26 and 28). 'The lateral nasal gland in Microsaura pumila ` 
is restricted to a small area behind its duct on the postero-lateral corner of the 
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nasal capsule and fills the small groove which marks the transition between the 
nasal capsule proper and the planum supraseptale (figs. 26 and 27). The foramen 
must have acguired its independence from the fenestra narina by the loss of 
the septomaxillary which in the Iguania and Geckonidae projects into the fissura 
lateralis nasi and prevents the fusion of its sides (see above). In a 341 c.m. embryo 
the fissura lateralis has already been obliterated (fig. 28), although most oi the 
nasal capsule is still procartilaginous. Morphologically the zona annularis 
passes behind the foramen for the duct of the lateral nasal gland since it 
represents part of the fenestra narina. In spite of the virtual distortion of the 
1amina transversalis anterior (fig. 27) the angle of backward inclination of the 
Zona annularis is practically the same as in the Iguanidae, ie. 45”. A secondary 
Zona annularis is formed in Microsaura by a fusion of the lamina transversalis 
anterior with the paries nasi in front of the nasolacrimal duct (fig. 27). 

The peculiar orbitonasal canal formed by the fusion of the supraseptal plate 
to the nasal capsule has been described by both Haas (19387) and Brock (1941). 
The ramus ethmoidalis of V enters the canal ventrally (fig. 29), divides into its 
two constituents inside the canal and emerges separately on the dorsal surface 
of the capsule (fig. 26). The ramus medialis enters the capsule again through 
a small foramen situated immediately anterior to the canal (fig. 26). 'This 
foramen, therefore, represents the fissura orbitonasalis of the normal lizard type. 
In Microsaura ventralis (Brock, 1941) this foramen is incorporated into the canal 
with the result that the ramus medialis does not appear on the dorsal surface 
of the capsule at all. In both Microsaura ventralis and M.pumila the foramen 
epiphaniale is incorporated into the canal and. the ramus lateralis never enters 
the nasal capsule at all but passes directly to the lateral nasal gland (fig. 26). 
Because of the degeneration of sensory epithelium and the reduction of the 
Oolfactory nerves the olfactory foramina are very small (figs. 26, 28 and 29). 

Tt is difficult to trace the extent of the paranasal cartilage in the Lacertilian 
nasal capsule since it does not chondrify independently as in the mammal, but 
Brock's identification of Haas' “pseudoconcha” with its anterior end seems to be 
correct. Posteriorly it estends over a small area of the paries nasi lying between 
the three outer foramina (fig. 26). 

As in lIguana the processus maxillares are very large, but in the adult 
Microsaura it consists of a completely detached plate of cartilage lying on the 
maxillary and palatine. A long, slender, vertical process indicates its. previous 
fusion with the greatly reduced paries nasi (fig. 27). In embryos up to the 3.7 c.m. 
stage this fusion is still complete (fig. 28), but in the next stage (4 cm) the 
connesion has been lost. 

Tt is impossible to determine the existence of a separate planum antorbitale 
in any of the embryological stages of Microsaura pumila. In a 81 @m. specimen 
the vertical bar of the maxillary process is clearly attached to the cartilage 
homologised by Brock (1941) with the “planum antorbitale”. Since this element 
cannot be the paranasal alone, being attached to the septum medially, it would 
appear that no matter whether a planum antorbitale is incorporated in the adult 
nasal capsule or not, it is not recapitulated as a separate centre of chondrifi- 
cation. 
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Most authors regard the (Geckonidae as either very primitive (eg. 
Firbringer, 1900) or as having diverged from the primitive Lacertilian stock early 
in the phylogeny of the group. 'The latter view, elaborated chiefly by Hafferl 
(1921), serves to explain the presence in the anatomy of both primitive and 
highly specialized features. Camp (1926) stresses their central position within 
the order by placing them among the primitive Ascalabota, which in addition 
contains the Iguania and the Chamaeleontidae, while also indicating that they 
are related to the Autarchoglossa through the Xantusiidae. 

The nasal cavities and nasolacrimal duct of Hemidactylus ovalemsis, 
Platydactylus lugubris and Pl. muralis were investigated by Born (1879). He 
emphasizes the primitive position of the opening of the ductus nasolacrimalis 
near the duct of Jacobsonm's organ. Fuchs (1908) in an investigation into the 
structure of the palate and choana of Phyllodactylus europaeus and other 
Geckonid genera states that the nasal capsule closely resembles that of Lacerta, 
but that the primitive Sphenodon condition has been retained in the type of 
ductus nasolacrimalis. The work of Hafferl (1921) on the development of 
Platydactylus annularis includes an excellent and detailed account of the nasal 
capsule. 'The present account is restricted to some remarks of a comparative 
nature, intended to elucidate the possible affinities of the Geckonidae with 
previously mentioned families. 

The account and the figures apply to Pachydactylus weberi gariesensis HWt. 
An adult P. ocellatus Cuv. was also examined, and 1I was fortunate in having at 
my 'disposal Dr. Brock's sections oi a number of embryological stages of 
Lygodactylus capensis and Pachydactylus sp. 

As far as the general structure of the nasal capsule is concerned, the 
Geckonidae appear to be more closely related to the Autarchoglossa (and 
especially to the Xantusiidae) than to the rest of the Ascalabota. 'The large 
size of the fenestra olfactoria (fig. 38) and the absence of a roofing cartilage of 
Jacobsom's organ are typical Autarchoglossid characters. 'They have in common 
with the Ascalabota the possession of a fissura lateralis nasi (fig. 34), and the 
absence of the lateral and superior nasal fenestrae. 'These contradictory features 
together with the very simple structure of the concha nasalis would seem to 
indicate that the Geckonidae are closely related to an early, unspecialized group 
of lizards which gave rise to both the principal subdivisions into which the living 
families are grouped by Camp (19938). 

The structure of the nasal cavities also support the hypothesis of the 
intermediate nature of the group. 'The vestibule reaches further back than in 
a typical Autarchoglossid such as Lacerta, but does not show nearly the same 
degree of elongation as that of the Ascalabota. As in Sceloporus, the backward 
migration of the duct of the lateral nasal gland has resulted in the formation 
of a fissura lateralis nasi (fig. 34) so called by Hafferl (1921). 'The vestibule opens 
simultaneously into the small recessus extraconchalis and the anterior blind sac 
of the true nasal cavity where these two latter communicate with each other 
immediately above the posterior portion of the organ of Jacobson. In Lacerta 
the vestibule passes into the true nasal cavity over the middle of the organ, 
while the recessus extraconchalis communicates with it some considerable 
distance behind the organ. 'The relative displacement of the various cavities, 
which, in the other Ascalabota has resulted in the curious condition typified in 
Sceloporus, is therefore present in the Geckonidae, though to a less degree. 
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A study of the structure of the palate and the choana is instructive in as 
much as it serves to explain the condition obtaining in Xantusia, and, moreover, 
sheds light on the problem of the phylogeny of the anterior end of the ductus 
nasolacrimalis in Lizards. As in Lacerta a secondary palate bridges the primitive 
choana behind the organ of Jacobson in such a way that an open choanal groove 
is formed between the organ and the functional choana (Fuchs, 1908). 'This 
choanal groove has retained its primitive character, since the organ of Jacobson 
and the ductus nasolacrimalis still open opposite each other into its extreme 
anterior end. (In fig. 35 the nasolacrimal duct appears to open into the organ 
of Jacobson itself owing to the fact that the opening of the organ into the 
choanal groove is very wide). In this respect the Geckonidae, with the possible 
exception of the Iguania, are certainly the most primitive Lacertilian family. In 
the Lacertidae, where fairly primitive conditions also obtain, the opening of the 
ductus nasolacrimalis has moved back with the anterior edge of the choana, 
and the secretion of the Harderian gland is. carried to the organ of Jacobson by 
the choanal groove. 

The solum nasi is fairly extensive owing to the large size of both the 
paraseptal and the ectochoanal (fig. 33). 'The paraseptal closely resembles that 
of Agama atra; it consists of a broad strip of cartilage suddenly narrowing down 
opposite the duct of Jacobson's organ to allow for the possibility of movement 
in the ventral support of the organ (fig. 33). Behind the organ of Jacobson the 
paraseptal bears a vertical sguame forming the posterior wall of the capsule of 
Jacobson. 'The ectochoanal is very large; as may be seen from fig. 33 and 34 it 
reaches back beyond the planum antorbitale. It serves as a support for the 
lateral edge of the choana and also for the anterior part of the choanal folds, 
which form the orbitonasal groove (Fuchs, 1908), transforming the latter into 
an open “ductus nasopharyngeus” (fig. 36). In Xantusia the ectochoanal is 
similarly enlarged, but the edges of the orbitonasal groove overlap, so that the 
“ductus nasopharyngeus” is functionally closed of from the oral cavity (fig. 38). 
The participation of the ectochoanal in the formation of a “ductus nasopharyn- 
geus” in the two families mentioned is unigue for the Lacertilia. In Anolis the 
enlarged ectochoanal takes part in the formation of a “secondary palate” in 
front of the choana. 

One is inclined to regard the Geckonid palate in which both the lateral and 
median edges of the choana are supported along their whole length by cartilage 
as primitive, although neither Sphenodon nor the lguania bear out this 
hypothesis. In all other lizards the ectochoanal serves as a support for the 
palatal end of the nasolacrimal duct and, at most, a small part of the lateral 
choanal edge in the region of the duct. 

The cartilaginous concha nasalis does not form a blind tube as in most 
Autarchoglossa and Iguana but consists of a flat plate, the inner, free edge of 
which undergoes a certain amount of seroll-like deflection (fig. 33). 'The glandula 
nasalis lateralis is therefore situated in a cavum conchale, the walls of which 
are only partly supported by cartilage. In several of the Scincidae the floor of 
the cartilaginous concha nasalis is also incomplete. Hafferl (1921) regards the 
Geckonid type of concha as primitive. 
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Camp (1923) regards this isolated family as most important in establishing 
the affinities of the Autarchoglossa: '“Were it not for the intermediate position 
and relationships (with the Gekkota) of this family, one could derive the 
Scincomorpha and Anguimorpha from iguanid stock, as Cope has done”. 'The 
Xantusiidae, however, combine an assemblage of typically Autarchoglossid 
characters, such as the musculature, ventral Sduamation and tongue, with a 
number of very primitive, definitely Geckonid characters. Investigation of the 
nasal capsule lends support to the theory of Geckonid relationship, as has been 
shown by Young (1949). 


1 am indebted to Dr. Atsatt of the University of California at Los Angeles 
for the specimens of Xantusia vigilis used in this investigation. To the best of 
my knowledge the only work which has appeared on the cranial morphology of 
Xantusia is that of Young (1949). 

The nasal cavities are very similar to those of the Gecko, although the 
vestibule is somewhat shorter, and approximates more closely to the general 
Autarchoglossid type. The divergent type of oral roof and choana is clearly 
a specialized variant of that of the Geckonid pattern. 'The choanal groove of 
Geckonidae has become obliterated externally with the exception of a narrow 
canal, into the dorsal part of which the organ of Jacobson and the ductus 
nasolacrimalis open. A similar canal also occurs in Amphisbaenidae, Teiidae, 
Varanidae, Anguidae, Anniellidae and Anolis, and is often called “the duct of 
Jacobsonm's organ”. 1Tt should be remembered, however, that it represents a 
persistent part of the primitive choana itself (Fuchs, 1908). 'The relations of 
the openings of the ductus nasolacrimalis and the organ of Jacobson resemble 
the Geckonid type very closely (fig. 35). 

The nasal capsule also recalls that of the Geckonidae, although it shows 
specialization in several instances (cf. figs. 33 and 37). A deep, narrow internasal 
cavity into which the fused premaxsillaries are situated separates the two cupolae 
anteriores. The ramus medialis of the ethmoid branch of V passes through the 
medial wall of the cupola into this cavity through a large foramen apicale. A 
short processus alaris inferior is present, but, as in Geckos, no definite superior 
alar can be determined. A narrow strip of cartilage connects the upper border 
of the fenestra narina with the cartilage roofing the anterior part of the true 
nasal cavity, thus completely separating the fenestra narina proper from its 
postero-dorsal incisura through which the duct of the lateral nasal gland enters 
the capsule (fig. 37). Young (1942) regards the connecting strip as homologous 
with the processus alaris superior, and, judging by conditions obtaining in 
several Scincidae, the hypothesis seems correct. In lIeguana, on the other 
hand, the foramen for the duct of the lateral nasal gland is formed by a 
fusion of the sides of the fissura lateralis, and it is impossible to determine 
whether the superior alar has any part in this fusion or not. In Microsaura, in 
which a separate foramen is also found, the fissura lateralis has disappeared and 
a definite processus alaris superior seems to be present in front of the fusion 
(fig. 27). 'The total length of the interrupted fissura lateralis of Xantusia is 
comparable to that of Geckonidae, although it does not penetrate into the 
cavum conchale, as it does in Pachydactylus (fig. 34). 

'The fenestra superior nasi and f. lateralis nasi are absent (fig. 37), as in 
most Ascalabota. 'The concha nasalis, although better developed than in 
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FIG. 85: Pachydactylus. Oross-section through organ of Jacobson. 

FIG. 36: Pachydactylus. Cross-section through “ductus nasopharyngeus”. 

FIG. 37: Xantusia. Ventral reconstruction of nasal capsule. 

FIG. 38: Xantusia. (Oross-section through “ductus nasopharyngeus”. 
(For abbreviations see general list at end of paper.) 


Geckonidae, similarly consists of a simple plate of cartilage with a seroll-like 
edge (fig. 37). 

The region around the organ ot Jacobson shows a number of adaptations 
calculated to bring about a greater structural firmness. Between the organs the 
paraseptals are fused (fig. 37): a condition unidue among lizards. Also the 
vomers are fused, two posterior horns alone indicating their original paired 
nature. The septomasillary is exceptionally well-developed, forming a protective 
buttress on either side of the septum and enclosing the rTamus medialis in a 
bony canal. 'These strengthening devices would seem to be necessary (when the 
animal is chewing its food) to counteract the stress exerted upon the lamina 
transversalis anterior by the enormous ectochoanal which supports the flanges 
forming the floor of the “ductus hnasopharyngeus”. 'This seems especially 
significant, when the weakness of the posterior part of the paraseptal and of the 
jamina antorbitalis is compared with the massiveness of the ectochoanal (fig. 37). 

As Young (1949) has shown, the most notable feature of the nasal region of 
Xantusia is the formation of a functional ductus nasopharyngeus behind the 
choanae by the large overlapping choanal folds (fig. 38). These are supported by 
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the ectochoanals, as in Geckonidae, where, however, they remain widely separated 
(fig. 36). In Xantusia the ectochoanals themselves overlap and are prolonged 
backward into the niveau of the planum supraseptale (fig. 37). Behind the 
ectochoanals the folds continue to overlap, and thus they transform the entire 
orbital groove into a “ductus nasopharyngeus”. Behind the eyes they terminate 
as two free flaps of skin overlying the palato-pterygoid ledges. Gêppert (1903) 
and Fuchs (1908) have demonstrated that the palatal folds and the palato- 
pterygoid ledges in combination with the tongue tend to separate the respiratory 
portion of the mouth cavity from the rest in all Lacertilians. In the other three 
super-families of the Scincomorpha; ie. the Scincoidea, the Lacertoidea and the 
Amphisbaenoidea (Camp, 1923), the palatal folds exhibit a varying tendency to 
approach each other and to complete the separation of the respiratory tract. 
But in all these cases the ectochoanals take a negligible part in the support of 
the folds, the palatines being responsible for this function (cf. figs. 41, 42 and 48). 


Scincidae 


Camp (1923) includes in the superfamily Scincoidea, in addition to the 
Scincidae, the three, small, degenerate burrowing Scincoid families: Anelytropsi- 
dae, Feyliniidae and Dibamidae. |I was unable to obtain material of the last two 
families, and a specimen of Typhlosaurus vermis belonging to the Anelytropsidae, 
very kindly sent me by Dr. Fitzsimons of the Transvaal Museum unfortunately 
proved to be so badly preserved as to be practically useless for purposes of 
mierotomy. To my knowledge no detailed work has been done on the cranial 
anatomy of these rare forms, although they may be expected to be of considerable 
importance to the nasal adaptations of the limbless burrowing lizards. 


The Scincidae are a large family with a world-wide distribution and have 
consedguently formed the subject of numerous investigations. Solger (1876), 
Born (1879) and G@êppert (1903) have all contributed to the knowledge of the 
nasal capsule and palate. In 1920 Rice published his work on the development 
of Eumeces guinguelineatus. More recently a number of genera have been 
investigated: Ablepharus pannonicus (Haas, 1935), Acontias meleagris (De Villiers, 
1939: Brock, 1941, and Van der Merwe, 1944, Chalcides guentheri (Haas, 1936) and 
Mabuia capensis ( — trivittata) (Dick, manusc.). 'The work of Pearson (1921) on 
Lygosoma was unfortunately not available except for a comparison given by 
Brock with Acontias. 


In the present investigation the following were examined: An adult specimen 
and a fairly complete embryological series of Mabuia capensis; adult specimens 
of Scelotes bipes and Ablepharus wahlbergii; and an adult and some embryo- 
logical stages of Acontias meleagris. 

The nasal region of the Scincidae resembles that of Lacerta so closely that 
a detailed account is unnecessary. 'The Scincid vestibule, however, is shorter 
than that of the genus Lacerta, and it commonly enters the true nasal cavity in 
front of (Acontias and Ablepharus) or over the anterior portion of the organ of 
Jacobson. 'Tt, moreover, enters the nasal cavity partly from a lateral direction, 
not directly from the front. 'This condition is reminiscent of that of Sphenodon 
and may perhaps be taken as a proof of the primitive position of the Scincidae 
among the Autarchoglossa; the condition also obtains in the Anguidae, 
Amphisbaenidae and snakes. As a result of the shortness of the vestibule, the 
duct of the lateral nasal gland runs forward from the gland for some distance 
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FIG. 39: Scelotes. Cross-section through conchal region. 
FIG. 40: Ablepharus. Cross-section through posterior part of organ of Jacobson. 
FIG. 41: Acontias. Cross-section through “ductus nasopharyngeus”. 
FIG. 42: 'Typhlosaurus. '(Cross-section through “ductus nasopharyngeus”. 
FIG. 43: Ablepharus. Cross-section through “ductus nasopharyngeus”. 
(For abbreviations see general list at end of paper.) 


along the outer surface of the cartilaginous and bony nasal capsule before 
entering the nasal capsule through the postero-dorsal corner of the fenestra 
narina, behind the cartilago alaris superior. In Ablepharus the superior alar is 
fused to the anterior end of the cartilage roofing the lateral part of the true 
nasal cavity and supporting the side wall of the organ of Jacobson. The portion 
of the fenestra narina through which the duct of the lateral nasal gland enters, 
therefore constitutes a .separate foramen as in Xantusia, Ieguana and the 
Chamaeleontidae. In the two latter cases it is not clear whether the processus 
alaris supericr plays any part in the formation of the foramen. ln Scelotes the 
two cartilages approach to within 60 u of each other, but remain separate as a 
result of the intervention of the lateral tip of the septomaxillary. In Mabuia 
fusion is actually effected, but the condition is complicated by the disappearance 
of the cartilaginous bar separating the fenestra superior from the foramen for 
the duct of the lateral nasal gland. 

The external naris of Acontias possesses an intricate closing mechanism as 
an adaptation to a sand-burrowing existence. 'The outer vertical portion of the 
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vestibule runs obliguely forwards before opening into the true nasal cavity some 
distance in front of the organ of Jacobson. The cupolae anteriores are widely 
separated by the pfemaxillaries, and each of them is attached to the septum 
solely by means of two slender struts. Since the cupola and especially its 
processus alaris inferior are very large, the slightest pressure, such as would be 
exerted upon the tip of the snout when the animal is burrowing into loose sand, 
would tend to close the narial aperture. 'The processus alaris superior is, 
moreover, attached to the cupola by means of a slender basal portion, and is 
connected to the alaris inferior and the outer edge of the septomaxillary by 
means of a strongly developed dermal muscle, homologous to the narial muscle 
described for Agama. 'The contraction of this muscle would further serve to 
close the external naris. 'The foramen apicale is large and occupies the area 
between the two connecting struts mentioned above. 

A fenestra superior nasi is present in all Scincidae investigated. The fenestra 
lateralis, on the other hand, is uncommon, occurring only in Acontias and in 
Scelotes, in the latter of which it is a very small foramen placed postero-lateral 
to the foramen epiphaniale. According to Brock (1941) it is absent in the embryo 
of Acontias but De Villiers (19389) regards a large incisura in the posterior part 
of the side wall as the homologon of the fenestra lateralis. 

The degree of adaptation to a burrowing existence has apparently no relation 
to the fusion of the median, paired dermal bones of the nasal region. The vomers 
are fused in the genus Eumeces (Kingman, 1932), Ablepharus pannonicus (Haas, 
1935), A.wahibergii (fig. 40), Chalcides guentheri (Haas, 1936), Lygosoma 
(Siebenrock, 1892), and Scelotes bipes (fig. 39); they remain separate in Mabuia 
capensis (Dick, manuse), Acontias meleagris (fig. 41) and Scincus S$cincus 
(E1-Toubi, 1938). 'The premaxillaries are fused in Scincus scincus and Scelotes 
Dipes, but they remain separate in all the other genera mentioned above. 
According to Camp (1923) the premaxsillaries are paired in some Geckonidae and 
Scincidae only. He inclines to the view that the unpaired nature of the median 
` skull elements is primitive, but cites the opinion of Méhelij who regards it as a 
neoteniec character! 'Nor is the cartilaginous nasal capsule, except for the 
adaptation of the external nares of Acontias, affected by the burrowing habits, 
but is on the whole more complete than in lLacerta. 'The only adaptation 
exhibited by the burrowing forms is the compact build of the bony nasal case. 

The cartilaginous capsule of Jacobsom's organ is rudimentary. An anterior 
Cupola is never present, since the septomaxillary is closely applied to the flat 
plate-like lamina transversalis anterior in front of the organ of Jacobson. 'The 
paraseptal is complete in the embryo of Acontias, Mabuia and Eumeces (Rice, 
1990), but tends to be interrupted opposite the organ of Jacobson in most adult 
seinks (fig. 40). 'The ectochoanal is always small, as in Lacerta. 

The concha nasalis shows similarity with the simple Geckonid concha, since 
the cavum conchale is rarely supported by a complete cartilaginous floor. 'The 
concha is, however, never continued as a simple plate behind the cavum conchale. 
Scelotes bipes is peculiar in the absence of a cavum extraconchale, the outer wall 
of the concha forming the side wall of the capsule (fig. 39). The processus 
masxillaris is generally well-developed (fig. 39), but is reduced to a mere knob of 
cartilage, approximately 60 u in length, in Acontias. 

As in Lacerta a short secondary palate converts the anterior part of the 
primitive choana into a choanal groove between the organ of Jacobson and the 
functional choana (Fuchs, 1908) (fig. 40). 'The ductus nasolacrimalis does not 
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open into' the choanal groove opposite the duct of Jacobsoms organ as in 
Sphenodon, the Geckonidae (fig. 35), the Iguania and the Xantusiidae, but 
discharges the secretion of the Harderian gland into the anterior end of the 
functional choana, as in Lacerta. 'The secretion is carried thence along an open 
gutter in the roof of the choanal groove (fig. 40) to a point opposite the duct of 
Jacobsoms organ. As in the case of the nasolacrimal duct in the Geckonidae, 
this “nasolacrimal groove” also appears to enter the organ of Jacobson itself, 
since the duct of the organ into the choanal groove is very wide (cf. fig. 35). In 
some genera these relations are very deceptive, since the anterior end of the 
“nasolacrimal groove” is transformed into a blind pocket, which thenu appears to 
form part of the organ of Jacobson itself (e.g. Acontias: De Villiers, 1939). 'The 
“nasolacrimal groove” must therefore be regarded merely as a functional part of 
the nasolacrimal duct since the latter terminates in the choana. The occurrence 
of this “nasolacrimal groove” in the comparatively primitive Scincidae and 
Lacertidae is important for the interpretation of the palatal portion of the 
nasolacrimal duct in those families, e.g. Teiidae in which the choanal groove has 
been obliterated externally (see Summary). 

The nasal region of the Scincidae is chiefly remarkable in the possession of 
a functional ductus nasopharyngeus occurring in the various genera in different 
degrees. of development. 'This fact is well-known from the works of GOppert 
(1903), Fleischmann and Beecker (1903) and Fuchs (1908). 'The nasal grooves 
(“Nasalmulde” —. Fuchs, 1908), into which the choana opens on either side of 
the vomerine cushion, are practically closed of from the mouth cavity by a 
median increase in size of the choanal folds supported by the outer edge of the 
palatine (fig. 41). Asa result the palatine acduires the form of a cylinder opening 
medioventrally (Brock, 1941). In Lacerta the palatine exhibits a moderate ventral 
fiexure in this region, but becomes duite flat behind the vomerine cushion, so 
that the orbital groove appears as a wide, shallow depression in the roof of the 
mouth cavity. In many Scincidae, however, the entire orbital groove is formed 
into a “ductus nasopharyngeus” by the rolled-up outer edges of the palatines and : 
occasionally by an approximation of the palatopterygoid edges as well. In some 
genera, notably in Ablepharus, the palatopterygoid edges are in contact with 
each . other (Haas, 1935), and in A. wahlbergii they actually overlap in the 
pterygoid region (fig. 43) so that the ductus nasopharyngeus is carried right up to 
the glottis. In Scelotes bipes and Mabuia capensis similar conditions obtain in 
the palatine region, but the palatopterygoid edges diverge to form a wide, shallow 
orbital groove. In a figure of M. guinguetaeniatus given by Fuchs (1908) the 
palatopterygoid edges are shown in contact with each other, so that conditions 
may apparently vary widely within a genus. In Acontias meleagris conditions 
are somewhat different as a result of the small size of the eye and the conseduent 
abbreviation of the orbital region. 'The palatines possess along their entire 
lengths ventrally directed median sduames closely applied to each other below 
the septum, and continuing the vomerine cushion into the orbital groove (fig. 41). 
The “ductus nasopharyngeus” is therefore paired over the whole orbital region. 
The palatopterygoid edges diverge as in M. capensis and Scelotes bipes. 
According to Brock (1941) the choanal region of Lygosoma (Pearson, 1921) 
resembles that of M. capensis, and judging from Kingmanms figures (1932) this is 
also the case in the genus Eumeces. 
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Anelytropsidae 


According to Fitzsimons (1948) the genus Typhlosaurus can be derived from 
Acontias via Acontophiops, and conseduently he places it with the Scincidae. The 
palate of T. vermis confirms this view, since it agrees in most particulars with 
that of Acontias meleagris. It shows an advance over the Acontias condition in 
that the choanal folds are actually fused to the vomerine cushion, transforming 
the nasal grooves into completely closed-off ductis nasopharyngei (fig. 42). The 
free edges of each palatine tube are connected syndesmotically. 'This is a 
condition absolutely unigue among lizards and is strongly reminiscent of the 
structure of the ophidian palate. 


Lacertidae 


An account of the nasal region of the Lacertidae have been given in the 
introduction. 


Gerrhosauridae 


The nasal region of this family closely resembles that of Lacerta (Camp, 
1993 and Malan, 1940), and serial sections of Gerrhosaurus flavigularis, G. typicus 
and Tetradactylus tetradactylus show that as far as this region is concerned, the 
different genera exhibit little variation. 


Teiidae 


Fiirbringer (1900) was of the opinion that this New World family is closely 
related to the Xantusiidae which are endemic to North America. Gadow (1901) 
regarded the 'Teiidae as intermediate between the Xantusiidae and the 
Amphisbaenidae, but (Camp (19238) classifies them with the Lacertidae and 
Gerrhosauridae under a superfamily Lacertoidea. He creates a separate super- 
family for the Amphisbaenidae which he regards as probably derived from the 
'Teiidae. Except for references to the concha of Ameiva by Solger (1876) and to 
the palate of A. surinamensis by Fuchs (1908), no work has appeared on the nasal 
region of the Teiidae. 

The following forms were examined in the present investigation: Teius teyo 
teyo Daudin, Ameiva undulatus Wiegmann and Cnemidophorus sezlineatus. The 
nasal capsule and cavities agree closely with those of Lacertidae and 
Gerrhosauridae but the structure of the palate and ductus nasolacrimalis points 
to a possible affinity with the Xantusiidae and/or the Amphisbaenidae. In the 
nasal region only slight differences characterize the three genera examined. 
'Teius appears to be the most primitive, judging by the structure of the capsule 
of Jacobson's organ. 

A well-developed rostrum or processus praenasalis occurs in all three genera; 
it is situated in a cavum internasale not flanked by the cupolae anteriores as in 
Sphenodon and the Iguanidae, but by two anterior cupolar processes (fig. 45). 
Among Autarchoglossa 1 have also found a rostrum in the genus Chamaesaura 
(Cordylidae) and in the Varanidae, where, however, a cavum internasale is 
entirely absent. To my knowledge the anterior cupolar process is peculiar to the 
Teiidae. It consists of a vertically placed lamina, pierced in Teius by three or 
four small branches of the ramus medialis where they leave the “internasal 
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FiG. 44: Lacerta. Cross-section through posterior end of organ of Jacobson. 
FIG. 45: Teius. (Cross-section through region of premaxillary. 
FIG. 46: 'Teius. Cross-section through organ of Jacobson. 
FIG. 47: Teius. '(Oross-section through anterior conchal region. 
(For abbreviations see general list at end of paper.) 


cavity” to supply the skin of the lateral parts of the snout (fig. 45). Although 
the processus alaris inferior is partly attached to this anterior process, the latter 
cannot be regarded as homologous with the cartilago praenasalis inferior of 
Anura. 

A fenestra superior nasi is absent, but a fenestra lateralis nasi occurs in all 
three genera investigated. 'This condition is the exact opposite of that found in 
the Scincidae, where a fenestra superior nasi is invariably present while a 
fenestra lateralis nasi is extremely uncommon. 

A feature of exceptional interest in the cartilaginous capsule Of Jacobsom's 
organ of Teius is the occurrence of a roofing cartilage in the form of several 
thin, isolated strips closely applied to the lower surface of the septomaxillary 
(fig. 46). It has already been pointed out that this Rhynchocephalian character 
is found only in the family Iguanidae among lizards, although the presence of a 
septal ledge on which the inner edge of the septomasxillary rests, indicates its 
previous existence in duite a number of lizards belonging to the Lacertidae, 
Gerrhosauridae etc. A pronounced ledge occurs in Cnemidophorus and Ameiva. 
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The specimen of Teius, although small, was undoubtedly adult, and the vestigial 
roofing cartilage must be regarded as a primitive character retained by Teius. 
Another peculiarity of Jacobsoms capsule, which the 'Teiidae have in common 
With the Iguanidae, is the extensive cupola posterior forming a Capsule to a 
large part of the posterior half of the organ (fig. 47). 'The nervus vomero- 
nasalis enters the organ of Jacobson through a large number of foramina 
situated in the hind wall of the cupola. 'The presence of a complete cupola 
posterior in this relatively primitive family serves to explain the occurrence of 
cartilaginous nodules in the region behind Jacobsoms organ in a large number of 
Autarchoglossid lizards belonging to the Lacertidae, Scincidae ete. 

The paraseptal is not fused to the planum antorbitale, since its posterior 
portion is interrupted for a distance varying in the different genera. In the 
Autarchoglossa in general the paraseptal shows a tendency to degenerate in the 
region of the organ of Jacobson, while the posterior half is usually well- 
developed. 'This exceptional condition in the 'Teiidae may be connected with 
the large amount of cartilage retained in the capsule of Jacobsom's organ. 'The 
ectochoanal is small as in Lacerta. 

The cavum conchale is exceptionally large and occupies practically the whole 
length of the concha, which in the Geckonidae for instance terminates 
posteriorly in a simple flat plate. In 'Teius and Ameiva two longitudinal 
cartilaginous ridges project from the base of the concha into the nasal cavity. 
The anterior one is small (fig. 47), and in Ameiva it terminates directly behind 
the organ of Jacobson. 'The more posteriorly placed ridge is much longer and 
extends up to the hind end of the concha. 'The appearance in cross-section of 
the lateral nasal gland of Teiidae is duite typical of the family: the duct can be 
identified throughout the length of the gland, since it is very wide and runs 
along the centre of the mass of tubules which open into it at irregular intervals 
(fig. 47). 

As in Xantusia the choanal groove present in Geckonidae, Scincidae, Lacertidae 
etc. between the organ of Jacobson and the functional choana is obliterated 
externally, so that what is apparently the anterior end of the ductus nasolacri- 
malis runs below the epithelium of the oral roof for some distance (fig. 47). In 
the 'Teiidae, in contrast to the condition obtaining in Xantusia, the ductus 
nasolacrimalis opens into the anterior end of the choana exactly as it does in 
Lacerta. 'The duct which passes forward from the choana to the duct of 
Jacobsom's organ must, therefore, represent a closed-of choanal groove, and it is 
only functionally a part of the ductus nasolacrimalis. Tt is evident that the 
'Teiid condition should be derived from the Lacertid type of palate (fig. 44), while 
the condition found in Xantusia has probably arisen out of the Geckonid type, 
where the ductus nasolacrimalis still opens in the choanal groove opposite the 
duct of Jacobsoms organ in the primitive position typified by Sphenodon 
(Fuchs, 1908). 

With regard to the structure of a “ductus nasopharyngeus”, the 'Teiidae 
occupy an intermediate position between the Scincidae, where the, palatine is 
practically transformed into a tube, and the Lacertidae where it exhibits little 
ventral flexure. In the 'Teiidae this flexure is more pronounced than in the 
Gerrhosauridae which also represents a morphological link. 'The 'Teiid “ductus 
nasopharyngeus” never extends to the orbital groove as in many Scincidae. 
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Amphisbaenidae ) 


The older taxonomists have seldom attempted to express an opinion regarding 
the phylogenetic position of the aberrant, burrowing family, the Amphisbaenidae. 
In the posthumous work of Cope (1900) they were relegated to a section 
“Annulati” containing a number of other limbless Lacertilian families, e.g. 
Anniellidae. Firbringer (1900) separated them from his suborder: Lacertilia 
vera into a separate suborder, as was also done by Williston (1904). Gadow (1901) 
was the first to place them under “true lizards” (suborder: Lacertae) in a 
Subgroup including the Xantusiidae and 'Teiidae. Camp (1923) places them in 
a separate superfamily of the suborder Scincomorpha, and states with reference 
to their affinities: “The resemblances (of the Amphisbaenidae) to the degenerate 
Teiidae are for the most part secondary but are nevertheless indicative of 
ancestral relationship to that family, as is also the fact that the anterior process 
of the basi-hyal is exceptionally long, as it is in all known Teiidae.” 

Investigation of the nasal region has provided little additional evidence with 
respect to the relationships of the family. 'The morphology of the anterior end 
of the ductus nasolacrimalis points to affinity with the Xantusiidae, but the 
resemblance may be secondary. 

Von Bedriaga (1884) has given a detailed discussion of the nasal region in 
his work on the cranial anatomy of two species of the genus Amphisbaena. Cope 
(1892) has given a brief survey of the osteology of .,Rhineura floridana in his 
work: “The Osteology of Lizards”, but I was unfortunately not able to consult it. 
Peter (1898) pointed out the adaptive resemblances existing in the skulls of 
Ichthyophis and of burrowing reptiles, e.g. Amphisbaenidae and Typhlops. 'The 
only recent work on the cranial anatomy of the family is that of Kritzinger 
(in manusc) on Monopeltis capensis. 

For the present investigation microtomized sections were made of adult 
specimens of Monopeltis capensis and Rhimneura floridana. 'The nasal region of 
Monopeltis is chiefly characterized in the very compact structure of the bony 
Ccapsule, accompanied by a marked reduction of cartilage (Kritzinger, in manusce.). 
The. absence of functional eyes and the consedguent reduction in length of the 
orbital region has resulted in a secondary connection of the nasal region with 
the prootic bones, and an ijinvasion of the nasal region by the `rostrum 
parasphenoidale and the orbitosphenoid. This arrangement lends great resistance 
to the skull as a whole, in adaptation to a burrowing life. 


As a further adaptation the external nares are placed ventrally, a short 
distance behind the tip of the snout. 'The vestibule and the anterior cupola of 
the nasal capsule reflect this unusual condition by their extreme specialization. 
The vestibule enters the true nasal cavity from below, is extremely short, and 
shows a marked reduction of the typical elastic muscular lining. A vestibule 
terminating in front of the organ of Jacobson characterizes the Scincidae and 
Anguidae. A mass of muscular tissue lying behind the narial opening between 
the processus alaris inferior and the side wall of the nasal capsule is probably 
homologous with the narial muscle, but its attachments could not be made out. 
The cupola anterior is connected to the anterior end of the septum solely by 
a cylindrical bar of cartilage (cf. Acontias). Ventro- -laterally the cupola is 
continued backward as two processes: -the one lying medial to the external nares 
clearly represents the alaris inferior, while the more lateral one is continuous 
With the side wall of the nasal capsule. 'There is no indication of a processus 
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alaris superior. As a result of the enormous enlargement of the foramen apicale, 
the fenestra superior nasi and the fenestra lateralis nasi, the roof of the nasal 
Capsule consists of a number of thin taenial bars connecting the septum with 
the side wall. 'The foramen epiphaniale is small and situated immediately behind 
the fenestra superior and above the aditus conchae. 

The cartilaginous floor is markedly vestigial. As in several snakes (eg. 
Homalosoma) the lamina transversalis anterior is not fused to either the side 
wall or to the septum, so that a zona annularis is wanting. The ectochoanal is 
jarge, but the paraseptal is interrupted over almost its entire length and is 
represented by a short anterior and a longer posterior rudiment. A greater 
amount of cartilage has been retained laterally, since the side wall supports the 
concha. 'The cavum conchald is small, and the horizontally inclined concha is 
attached to the middle of the paries nasi, so that strictly speaking, a cavum 
extraconchale is absent, as in Scelotes. 'The aditus conchae faces sideways and 
outward instead of forward and upward as in Lacerta. 

The virtual absence of eyes and the need for a more closely-knit skull has 
resulted in an extreme degree of specialization in the posterior part of the nasal 
Ccapsule. A clearly defined cavum antorbitale is absent, since the nasal cavity 
gradually passes over into the '“nasopharyngeal groove” (cf. Scincidae). As a 
result the planum antorbitale is in the form of a thin horizontal strip of cartilage 
connecting the paraseptal with the two taeniae representing at this point the 
roof and side wall. Owing to the telescoping of the orbital region the spheneth- 
moid commissures have been pushed so far forward, that they lie in the same 
horizontal plane as the planum antorbitale, thus simulating the fusion, present 
in snakes, between the planum antorbitale and the septum. 

The orbitosphenoid ossification, limited in Lacerta to the pila metoptica 
(De Beer, 19387), has in Monopeltis invaded the planum supraseptale, the dorsal 
part of the interorbital septum and the postero-dorsal part of the nasal septum. 
The anterior limit of the ossification extends well into the conchal region. A 
Curious feature, doubtless caused by secondary kinesis of the skull, is the fact 
that the orbitosphenoid is separated from the ventral cartilaginous part of the 
septum by connective tissue. Also the rostrum parasphenoidale reaches the nasal 
region; its anterior end is bifurcated: the upper prong lying inside the brain 
case above the medio-ventral suture of the frontals, and the lower one being 
situated underneath the septum. 'These processtis unite behind the point where 
the trabeculae diverge from each other. As a result of the reduction in length 
of the orbital region, the 'divergence takes place at a point only about .& m.m. 
behind the planum antorbitale in a specimen whose total nasal capsule length is 
1.9 m.m. (cf. Kritzinger, op. cit., fig. 3). 

With reference to the roofing bones of the nasal region it is of interest that 
the two nasals do not form a median suture, since they are separated by a long 
median process of the fused premaxillaries and two forwardly directly processes 
of the frontals. 'The frontals themselves are large and have encroached to a 
considerable extent on the region normally covered by the nasals. 

The palate exhibits interesting adaptations to a burrowing habit. Both the 
premaxillary and the maxillary possess enormous palatal sguames (Lakjer, 1927). 
The palatal sduame of the former bifurcates in front of the organs of Jacobson 
and reaches back even further than do the ectochoanal cartilages. 'The organ 
of Jacobson is situated relatively far back, and an extensive secondary palate 
(Fuchs, 1908) supported by the vomer, the premaxillary and maxillary sduames 
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and the ectochoanal, separates the opening of Jacobsonm's organ from the 
functional choana (Kritzinger, op. cit). As in Xantusiidae, Teiidae, Varanidae, 
Anguidae and Anniellidae the choanal groove in front of the choana is obliterated 
externally. In Amphisbaenidae the ductus nasolacrimalis does not open into the 
choana (cf. Xantusiidae), as it does in the other four families mentioned. Without 
embryonic material it is impossible to determine whether the anterior palatal 
portion of the ductus nasolacrimalis running underneath the epithelium of the 
oral roof and opening opposite the duct of Jacobson's organ, represents a closed- 
of choanal groove, as in 'Teiidae, or part of the nasolacrimal duct itself, as in 
Xantusiidae. If the former interpretation is accepted, it is necessary to assume 
that the actual opening of the ductus nasolacrimalis into the anterior end of the 
choana has secondarily closed up. 'The problem is discussed in detail in the 
Summary. 

The choanae are roughly circular instead of being slitlike and are situated 
behind the concha nasalis. They lead into two “nasopharyngeal” grooves 
supported by the ventrally flexed palatines, as in Scincidae. 

With the exception of a few trivial differences the nasal region of Rhineura 
floridana very closely resembles that of Monopeltis. 'The foramen apicale is 
confiuent with the fenestra narina, and the paraseptal is complete throughout 
its length. 'The rostrum parasphenoidale does not penetrate the nasal region 
and the orbitosphenoid ossification is not restricted to the dorsal part of the 
interorbital and nasal septum, these latter ossifying as a whole. 


Varanidae 


The fossil record proves that the Varanidae have been a distinct family 
since Lower BEocene times (Camp, 1923). According to Fejérvêry (1918), more- 
over, the Old World Varanoid fossils belong, without exception, to the genus 
Varanus which includes all living forms as well. Camp (1923) is of the opinion 
that the Platynota, including the extinct Mosasauridae, Dolichosauridae and 
Aigialosauridae, are related to the Diploglossa, a group roughbly comprising the 
Anguiroid and Cordyloid (- Zonuroid) lizards. 'The existing species of Varanidae, 
however, form a peculiarly isolated group With a number of outstanding 
characteristics. The most important of these are the structure of the tongue 
which resembles that of snakes, and certain characters relating to the hyoid 
musculature and ventral sguamation (Camp, 1923). In common with the Iguania, 
the Chamaeleontidae and the Teiidae, an upper temporal fossa is retained in 
Varanus. This character is, however, dependent on the loss, early in the 
phylogeny, of the cranial osteoderms and need not necessarily be indicative of 
affinity of the groups in which it occurs (Broom, 1985). 

Born (1879) has given a brief account of the nasal region of ,Monitor 
albigularis Gray” (- Varanus albigularis albigularis Daudin) in which he 
emphasized the unigue structure of the vestibule and the concha. 'To my 
knowledge no other work has appeared on the nasal region of the Varanidae. 
For the present investigation microtomized sections were made of a 93 cm. 
(total length) embryo of Varanus niloticus. The presence of a layer of extremely 
tough felt-like connective tissue in the skin over the dorsal surface of the head 
makes even a young embryo of Varanus a difficult object for microtomization. 
Satisfactory results were, however, obtained by removing the lower jaw and 
cutting the cross-sections from the direction of the palate. 
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FIG. 48: Varanus. Ventral reconstruction of nasal capsule. 
FIG. 49: Varanus. Dorsal reconstruction of nasal capsule. 
(For abbreviations see general list at end of paper.) 


The nasal organ of Varanus is highly peculiar, combining several unidue 
features with a confusing mixture of Ascalabote and Autarchoglossid characters. 
The nasal cavities resemble those of the Iguania and Chamaeleontidae in the 
possession of a greatly elongated vestibule, accompanied by a telescoping of 
those cavities constituting the posterior two-thirds of the Lacerta nasal organ 
(fig. 50). 

The external nares are placed far back on the skull, somewhat nearer to 
the eye than to the end of the snout. In V. albiguiaris alt. Daudin the nostril 
lies much nearer to the eye than to the tip of the snout (Born, 1879 and 
Fitzsimons, 1943). 'The outer lateral sac of the vestibule runs obliguely forwards 
and inwards (fig. 50), being separated for a short distance from the main portion 
of the vestibule by the greatly enlarged processus alaris superior (figs. 48 and 51). 
The vestibule is thus doubled back upon itself, but in such a way, that a blind 
vestibular cavity, considerably longer than the main portion of the 
vestibule, occurs in the snout in front of the nostril (fig. 50). 'The organ of 
Jacobson is placed underneath the anterior blind cavity. 'To my knowledge 
Microsaura pumila is the only other lizard in which the organ of Jacobson is 
situated in front of the external nares, although Iguana shows an approach 
to this condition. Although the length of the vestibule of Varanus is reminiscent 
of that of the Ascalabota, it lies in front of the true nasal cavity and enters the 
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1atter in the normal Autarchoglossid manner. A very peculiar feature of the 
vestibule, noted by Born in 1879, is the ventral blind pocket of unknown function 
situated behind the organ of Jacobson (fig. 50) and supported by a vertical, 
cupolar sauame of the septomaxillary. The elastic muscular tissue lining the 
vestibule is exceptionally well-developed particularly in the area behind the 
nostril, but the narial muscle is apparently absent. The processus alaris inferior 
to which it normally attaches is rudimentary (figs. 48 and 51). 

The true nasal cavity is small in comparison with the vestibule (fig. 50). The 
1ateral nasal gland is situated in a cavum conchale as in all Autarchoglossa (with 
the exception of Celestus, one of the Anguidae), Geckonidae and Iguana. AS 
in Iguana, the concha is situated in the posterior part of the nasal capsule, and 
the aditus is placed dorsally and leads down into the cavum (figs. 48 and 49). 
As a result the cavum extraconchale communicates with the true nasal cavity 
behind and below the concha, and not above it, as in all lizards with a vertically 
placed aditus (fig. 54). 'The cavum extraconchale is unidue among lizards in 
that it is largely extracapsular (figs. 58 and 54, right side). It is interesting in 
this respect to compare it with the middle turbinal sinus of Orocodilus (Meek, 
1911), particularly since the middle turbinal is regarded as homologous with the 
concha nasalis of lizards (de Beer, 19387). In Crocodilus this diverticulum of 
the nasal sac passes out through a slit near the ventral edge of the side wall 
of the capsule and penetrates into the cavum conchale through the aditus (de 
Beer, 1930). The nasal gland of Crocodilus does not occupy the cavum conchale, 
but is situated in a shallow groove in the side wall cartilage underneath the 
maxillary (Gaupp, 1888). In my 7.5 c.m. embryo of Alligator mississippiensis 
the same relations obtain. Tn Varanus the cavum extraconchale passes out of 
the nasal capsule through a foramen lateral to the aditus conchae and antero- 
lateral to the foramen epiphaniale (fig. 54, left side, and fig. 49). It slightly 
bulges. over into the aditus (fig. 54), but does not actually penetrate the 
cavum conchale, since the latter is occupied by the lateral nasal gland. 'The 
extracapsular part of the cavum extraconchale lies median to the masillary in 
a latero-dorsally facing trough formed by the side-wall cartilage (figs. 49, 51 
and 54, right side). Judging by the position of the foramen through which 
the sac issues, it represents the fenestra lateralis nasi of other lizards, and the 
trough has probably been formed by an eztensive enlargement of this fenestra 
(fig. 49). The cavum antorbitale is large, and the “inner choana” (Born, 1879) 
is placed deep into the interior of the nasal organ with the result that the 
“cChoanengang” (Fuchs, 1908) is very large (fig. 50). 

The structure of the nasal capsule is best understood by referring to the 
three graphical reconstructions (figs. 48, 49 and 51). 'The septum is prolonged 
in front of the capsule as a prenasal process or rostrum nasale. 'This is another 
instance of similarity with Iguanidae, but as a rostrum is also found in the 
Teiidae and the sub-family Chamaesaurinae, it must be regarded as. .a 
Rhynchocephalian character retained by several primitive Lacertilian families, 
rather than as a proof of affinity between Varanus and the Ascalabota. 'The 
foramen apicale is placed on the dorsal face of the capsule behind the prenasal 
process (fig. 49). . The cupolae anteriores have been profoundly altered by the 
peculiar position of the external nares. The anterior parts of the capsule are 
bent outward and backward to form a roof for the outer portion of the vestibule 
(fig. 52 and reconstructions); an internasal cavity is conseguently absent. 'The 
processus alaris inferior is vestigial, but the alaris superior is represented by a 
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FIG. 50: Varanus. Lateral reconstruction of nasal sac and nasolacrimal duct. 

FIG. 51: Varanus. Lateral reconstruction of nasal capsule. 

FIG. 52: Varanus. '(Cross-section through region immediately posterior to organ of 
Jacobson. 

FIG. 53: Varanus. Cross-section through anterior end of choana. 


FIG.53.(X75) 


(For abbreviations see general list at end of paper.) 


large vertical lamina separating the two parallel portions of the vestibule 
(figs. 48, 51 and 52). 'The fenestra narina faces backward, because the processus 
alaris superior is overlapped by the cupola anterior, and it is incomplete 
posteriorly, since a zona annularis is absent through the failure of the lamina 
transversalis anterior to fuse with the paries nasi (fig. 51). 'The duct for the 
lateral nasal gland enters the nasal capsule through a ventrally facing incisura 
in the side-wall (fig. 51); as in Lacerta, this specialized part of the fenestra 
narina is separated from the rest by the alaris superior. Although conditions 
in the fenestra narina resemble those of the Iguania in all particulars, there is 
no fissura lateralis nasi because the zZona annularis is incomplete (cf. figs. 51 
and 8). 

A fenestra superior nasi is absent, and the two cupolae are separated 
dorsally by a deep, median groove exztending beyond the anterior half of the 
capsule and harbouring a median, dorsal process of the fused premaxillaries 
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(figs. 49 and 59). The nasals are fused and very small leaving the cartilaginous 
roof of the nasal capsules unprotected; this fact probably accounts for the 
covering of felted connective tissue over the snout region. 

The solum nasi is greatly reduced (fig. 48). As already pointed out, the 
lamina transversalis anterior is not fused to the side of the capsule, but a long, 
slender process of the side-wall cartilage behind the entrance of the duct of the 
1ateral nasal gland indicates that a fusion may formerly have existed in the 
group (fig. 51). 'The paraseptal is interrupted behind the organ of 
Jacobson, and it consists of a small posterior vestige on the lamina 
antorbitalis and a larger rudiment continuous with the lamina transversalis 
anterior (fig. 48). The ectochoanal is small and, as in Lacerta, it serves as a 
support for the anterior end of the “ductus nasolacrimalis”, The anterior portion 
of the organ of Jacobson rests on the lamina transversalis anterior, and a large 
concha, continuous with the lamina, juts into the lumen of the organ. Behind 
the duct the cartilaginous capsule is represented solely by a slender bar 
supporting part of the side-wall (fig. 52), which is forked  posterlorly, the ductus 
nasolacrimalis passing between the two prongs. 

The nasal capsule of Lacerta may be divided into three approximately 
edgual parts, the middle portion comprising the conchal region (Gaupp, 1900). 
In Varanus the conchal and posterior regions together form less than one third 
of the entire capsule (fig 49). This is mainly the result of an enlargement of 
the vestibular region, but the relatively small size of the foramen olfactorian, 
the fact that it faces backward and the position of the foramen epiphaniale 
show that a certain amount of compression has taken place in the posterior 
part of the capsule. 'The relations of the various structures resemble those of 
Iguanidae although the foramen olfactorium is much larger in Varanus, in 
which the foramen does not, however, encroach upon the tectum nasi as in 
Lacerta (cf. fig. 33). 

The relations of the concha nasalis, the foramen epiphaniale and the 
fenestra lateralis nasi have. already been treated in connection with the 
discussion of the nasal cavities. i 

As in Microsaura the processus maxillaris anterior and p.m. posterior are 
not continuous with the paries nasi in the developmental stage examined (23 
c.m. total length) (fig. 51). 'The lamina antorbitalis and the sphenethmoid 
Ccommissure are normal. 

There is no choanal groove between the opening of the organ of Jacobson 
and the functional choana. This character Varanus has in common with the 
Xantusiidae, Amphisbaenidae, Teiidae, Anguidae, Anniellidae and snakes. As in 
Teiidae, Anguidae and Anniellidae the ductus nasolacrimalis opens into the 
choana itself (figs. 50 and 53, left side), and the anterior palatal portion of the 
duct (figs. 50 and 52) may conseguently be regarded as a closed-off choanal 
groove, and it is therefore to be considered not as a morphological but merely 
as a functional part of the ductus nasolacrimalis. 'The ductus nasolacrimalis of 
Varanus is remarkable in that the division into the two orbital ducts takes 
place in the nasal region opposite the middle of the choana and immediately 
anterior to its opening into the latter (figs. 50 and 53, left side). As a result 
of this it appears as if the larger, upper duct draining the inner and posterior 
part of the eye opens into the choana, while the smaller, lower duct draining 
the anterior part of the eye is continued forward as the closed-off choanal 
groove to open opposite the duct of Jacobsoms organ (fig. 50). 'The illusion is 
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enhanced by the fact that the communication between the two orbital ducts is 
very small (fig. 50). 


Anguidae 


Cope (1900), Firbringer (1900), Gadow (1901), Willeston (1904) and Camp 
(1923) all agree that the Anguidae are closely related to the Cordylidae. A 
comparison of the nasal organs shows that in the Cordylidae they are relatively 
primitive, and conditions in the concha and the palate point to a possible 
derivation of the more specialized Anguidae from the Cordylidae. 


Zimmermann (1918) in a paper on the chondrocranium of Angius fragilis 
has recorded that Leydig investigated this species in 1872. To my knowledge no 
work on the cranial anatomy has appeared on any other genus of the Anguidae. 
I was able to examine specimens of (Celestus pleii Duméril and Bibron and 
Ophisaurus ventralis Linné through the courtesy of Mr. A. Loveridge. 


The nasal cavities and capsule are of the general Autarchoglossid type, but 
a certain amount of divergence is found in the structure of the concha and in 
the size of the ectochoanal. As in Scincidae the vestibule is short, consisting 
of little more than the outer vertical portion of that of other lizards, and it 
enters the true nasal cavity in front of the organ of Jacobson. A peculiar 
feature of the vestibule' of the Anguidae is a large blind sac leading from the 
posterior wall of the external nares and lying beneath the anterior part of the 
true nasal cavity and lateral to the organ of Jacobson. Its blind end is 
completely encased by the masxillary and the septomaxillary. 'The duct of the 
lateral nasal gland runs between the blind sac and the true nasal cavity to open 
on the poundary line between the latter cavity and the vestibule proper. 

The cupola anterior with its processus alaris inferior and p.a. superior are 
normal. Zimmermann (19138) states that in Anguis the ramus medialis leaves the 
nasal capsule through the fenestra narina. In Rhineura (Amphisbaenidae) the 
foramen apicale is also confluent with the fenestra narina, but in the two Anguid 
genera |I have examined the nerve issues through a normal foramen apicale. 

The position and size of the fenestra superior nasi and fenestra lateralis 
nasi vary greatly in the three genera. In Anguis Zimmermann designates as 
the fenestra superior a small foramen placed immediately in front of the edge 
of the fenestra olfactoria. A similar fenestra occurs in Ophisaurus but is absent 
in Celestus. 'The latter genus, however, possesses a small foramen in the tectum 
nasi above the organ of Jacobson, in the typical position occupied by the fenestra 
superior in Sphenodon and Lacerta. In Anguis a narrow slit placed behind the 
aditus conchae and Opening into the cavum extraconchale is called by 
Zimmermann the “fissura lateralis nasi”. Judging by its position this opening is 
homologous to a fenestra lateralis nasi, and its fissure-like shape is incidental. 
1 have therefore retained the term fissura lateralis masi for the structure so 
called by Hafferl (1926) in the Gecko and occurring throushout the other 
Ascalabota as well. In Ophisaurus a typical fenestra lateralis interrupts the 
side-wall in the region of the cavum extraconchale (fig. 55), but it is absent in 
Celestus. . 

The cartilaginous capsule of Jacobson's organ is incomplete posteriorly 
there being no sign of the vestigial hind wall so common in the Scincomorpha. 
The paraseptal is interrupted in the region of the organ of Jacobson, and the 
ectochoanal is large and consists of a broad plate of cartilage supporting the 
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FIG. 54: Varanus. Cross-section through conchal region. 

FIG. 55: Ophisaurus. Cross-section through anterior conchal region. 

FiG. 56 : Ophisaurus. Cross-section through extra-capsular part of intraconchal recess. 
FIG. 57: Ophisaurus. (Cross-section through middle of conchal region. 


(For abbreviations see general list at end of paper.) 


outer wall of the palatal part of the ductus nasolacrimalis and the anterior end 
of the choanal groove (figs. 55 and 56). But in spite of its large size it is not 
continued into the choanal region itself, as in Geckonidae and Xantusiidae. 

In Celestus and Ophisaurus the lateral nasal gland is extremely reduced, 
and the cavyum conchale in which it is normally housed is correspondingly 
small; the greater part of the concha nasalis of Celestus consists of a flat 
horizontal plate of cartilage. 'The anterior third of its free edge is rolled up to 
form a small cavum conchale containing no more than three or four tubules 
of the nasal gland. The small aditus conchae is situated above the posterior 
end of the organ of Jacobson. As in Scelotes and the Amphisbaenidae a cavum 
extraconchale is non-ezistent; the ccecha merely divides the nasal cavity into 
two storeys. 

In Ophisaurus the lateral nasal gland is even more degenerate and does 
not penetrate the cavum conchale at all. It consists of two or three tubules 
filling the cavity of a small groove on the side-wall of the capsule in front of 
the aditus (fig. 55). 'The floor of the cartilaginous cavum conchale is completely 
absent, and a portion of the nasal sac has extruded through the opening and 
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fills the cavity normally occupied by the gland (fig. 57). In the Geckonidae, 
many of the Scincidae and the Cordylidae the floor is also incomplete, but to 
my knowledge Ophisaurus is the only lizard in which the extracapsuiar cavum 
conchale is lined by sensory epithelium. In the Crocodile the middle turbinal 
sinus lies within the cartilage of the middle turbinal (homologous to the concha 
nasalis according to De Beer, 19387), but it enters the cavity through the aditus, 
having left the capsule through a foramen in the base of the side-wall (Meek, 
1911) (cf. also Varanus p. 90). As the aditus faces anterolaterally in Ophisaurus 
the fenestra in the floor of the concha also appears in the side-wall cartilage 
in front of the aditus, and a small portion of the sinus lies outside the cavum 
within the aditus (fig. 56). According to Zimmermann (1918) the cartilaginous 
cavum conchale of Anguis communicates with the general cavity of the nasal 
capsule through a long ventral slit. 'The nasal gland is not mentioned in his 
account or indicated in his drawings; but judging by his figure 5 on page 599 
the nasal sac does not penetrate the cavum conchale. In the Cordylidae the 
lateral nasal gland is very large, but since the cavum conchale itself is small as 
in Anguidae, the greater part of the gland is lodged in a large groove in front 
of the aditus. 

The palate and nasolacrimal duct of COelestus are of the 'Teiid type: the 
choanal groove between the organ of Jacobson and the functional choana has 
disappeared, and the duct running underneath the oral epithelium in this 
region must represent a covered-in choanal groove (fig. 55), since the ductus 
nasolacrimalis opens into the choana (fig. 57). 'A minor difference is the 
circumstance that the “lower” fusion between the sides of the choanal groove has 
occurred on a level deeper than the oral roof, so that a shallow depression still 
indicates externally the position of a former groove (figs. 55 and 56). As a 
result of faulty preservation the epithelium of the oral cavity of Ophisaurus 
was slightly macerated, but as far as could be made out the same conditions 
obtain in this genus. 


Anniellidae 


The Anniellidae are almost unanimously considered as “degraded forms of 
Anguidae” (Gadow, 1901) or, at least, as closely related to them (Fiirbringer, 
1900). Camp (1923) states that they show closest resemblance to Gerrhonotus, 
a form which I was unfortunately not able to examine. With the excention of the 
Pygopodidae they are the only burrowing Anguimorpha, the rest of the limbless 
representatives of the group being grass-living, long-tailed forms (Camp, 19938). 
To my knowledge no work has been done on the nasal organ of this smail 
Californian family. Serial sections of an adult specimen of Anniella pulchra 
was used in the present investigation. 

The circumstance that the nasal organ of Anniella is highly specialized and 
shows little or no resemblance to that of Anguidae may be due to divergence 
in habitat, but the very different types of conchae, for instance, may indicate that 
the two families are not duite as closely related as has hitherto been thought. 

The organ of Jacobson is relatively large and although its anterior half is 
placed median to the. vestibule it is not roofed by the tectum nasi, as in 
Leiosaurus, Liolaemus and partly in Microsaura (fig. 25) where similar relations 
obtain, but by the septomasxillary (fig. 59). 'The ramus medialis of the ethmoid 
branch of Va runs in a canal between the septomasillary and the tectum in this 


122 


FIG.58.(X20). 


LTA H2. H2 pal 


LTA 
FIG.59.(x 26). FIG.6|.OLU7) j FIG.62.(X22). 


FIG. 68: Anniella. Dorsal reconstruction of nasal capsule. 

FIG. 59: Anniella. '(Cross-section through organ of Jacobson. 

FIG. 60: Anniella. Cross-section through conchal region. 

FIG. 61: Microsaura. Lateral reconstruction of fenestra narina and narial muscle. 

FIG. 62: Eremias. Lateral reconstruction of fenestra narina and narial muscle. 
(For abbreviations see general list at end of paper. 


region. Since the true nasal cavity is situated in the normal position next to 
the septum the vestibule enters it dorsal to the middle of the organ of Jacobson 
from a lateral direction. 'The lateral position of the vestibule lends an excep- 
tional width to the anterior part of the nasal capsule (cf. figs. 96 and 58). 'The 
cupola anterior is rather small but its processus alaris inferior is large (fig. 58). 
A processus alaris superior is absent. Neither of the two nasal fenestrae is 
present. ! 

The lamina transversalis anterior is well-developed (fig. 59) but both its 
connexion with the septum and with the paries nasi are reduced, and beyond 
a posterior rudiment on the lamina antorbitalis (fig. 58) the paraseptal is absent. 
The ectochoanal is broad as in Anguidae. 

The structure of the concha is unigue: the greater part of the glandula 
nasalis 1ateralis is situated in an open conchal groove on the latero-dorsal face 
of the capsule (fig. 58). A small posterior portion of the gland penetrates the 
aditus conchae bound laterally by the paries nasi itself since no extraconchal 


123 


recess is present (fig. 60). 'This condition is reminiscent of that of Scelotes 
(fig. 89). The close prozimity of the foramen epiphaniale to the iissura 
orbitonasalis is illustrated by fig. 60, the right side of which represents a plane 
slightly in advance of that represented by the left side. 'The ethmoid branch 
of Va divides into its two components before entering the nasal cavity. 'The 
lamina antorbitalis is small (fig. 58) and that part of the paranasal cartilage 
forming the cavum conchale and the maxillary processes is situated lateral and 
posterior to it. 'The masxillary processes are exceptionally large. 

The structure of the palate and ductus nasolacrimalis fully supports the 
theory of the close relationship existing between the Anniellidae and the 
Ansguidae since it resembles that of the latter in all particulars (cf. figs. 55 and 
56). 


Cordylidae ( — Zonuridae) 


Gadow (1901) regarded the Cordylidae (—Zonuridae auctorum) together with 
the other families placed by Camp (1923) under the Diploglossa as closely allied 
to the Iguania, and in spite of the position which Camp (1928) assigns to the 
family he states that they exhibit closer resemblances with respect to details of 
tongue and hemipenal structure, pattern of the throat musculature and the 
structure of the teeth, with the Ascalabota than any other Anguimorph. The 
temporal region closely resembles that of Gerrhosauridae in the loss of the 
temporal fossa and the relative sizes of the bones but Broom (19385) is of the 
opinion that the conditions in the temporal region have been determined by the 
presence or absence of osteoderms in the phylogeny and that this region may 
therefore have iittle tazonomic value. 

The only work on the cranial anatomy of this African family is that of 
Du Plessis (1944) on Chamaesaura anguina. Tn the present investigation the 
following forms were examined: an adult specimen of Cordylus cordylus and a 
fairly old embryo of Cordylus sp, and adult specimens of Platysaurus capensis 
and Chamaesaura anguina. 

Camp (1993) divides the family into two subfamilies: the Chamaesaurinae 
(including only -*he genus Chamaesaura) and the Cordylinae (—Zonurinae). 
Conditions in the nasal region fully confirms Camp's conclusions as to their 
systematic position, and the fact that a prenasal process occurs in Chamaesaura 
but not in Cordylus or Platysaurus supports his subdivision of the family. 'The 
presence of a rostrum prenasale cannot be considered as a proof of special 
Iguanid affinity since it occurs also in Varanidae and 'Teiidae and as in these 
families it is not situated in a cavum internasale as it is in Iguanidae. 

In general the nasal cavities and capsule closely resemble those of the 
Lacertoidea. 

In Cordylus and in Chamaesaura the duct of the lateral nasal gland enters 
the nasal capsule through a foramen distinct from the fenestra narina since the 
processus alaris superior is fused to the side-wall of Jacobsom's organ (ie. the 
lamina transversalis anterior), but in a fairly old embryo of Cordylus the fusion 
is not yet effected but only indicated by thickened connective tissue. A similar 
fusion occurs in some Scincidae and in Xantusiidae. 

A fenestra superior nasi is present in all three genera examined but is absent 
in the Cordylus embryo. An incipient fenestra lateralis nasi is present in 
Platysaurus and Chamaesaura. 
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The anterior and posterior regions of the concha (Born, 1879) of Platysaurus 
and Cordylus are enlarged, and as in Anguidae the middle region comprising the 
cavum conchale is small. In contrast to the Anguidae the lateral nasal gland 
is large and as in Anniellidae is located principally in the open conchal groove 
representing the anterior third of the concha. The concha of the Chamaesau- 
rinae more nearly resembles that of Lacerta. 

The palate and the ductus nasolacrimalis of the Cordylidae resembles that 
of Lacerta. 


REÉESUMÉ AND DISCUSSION 


'The general type of the nasal organ occurring in the Lacertilia fully supports 
the division of the order into the two subdivisions of Camp (1923): the Ascalabota 
comprising the Geckonidae, Iguanidae, Agamidae and Chamaeleontidae, and the 
Autarchoglossa comprising all the remaining families. The latter show the 
ordinary Lacerta type of nasal organ, that of the Varanidae only exhibiting any 
important variations, and these are mainly a matter of relative proportion of 'the 
various structures. | 

The Geckonid nasal organ represents an intermediate type which, though 
showing an approach to the Ascalabota condition in several characters, is yet so 
similar to that of the Autarchoglossa, that, with respect to the nasal region 
alone, the Geckonidae would certainly have to be included in the latter sub- 
division. In the remaining Ascalabota a very different type of nasal organ is 
found. As a result of a shortening of the nasal region, the vestibule and its 
protective cupola anterior have become greatly elongated and have come to lie 
dorsal to the rest of the nasal cavities and the capsule (figs. 7 and 8). 'This 
condition has resulted in the prolongation of the postero-dorsal corner of the 
fenestra narina into a fissura lateralis nasi, and, in most cases, to the loss of the 
concha nasalis. As a further result of the reduction of the posterior part of the 
nasal capsule the foramen olfactorium is small (fig. 6) as in Chelonia and 
Crocodilia, and the foramen epiphaniale is often lost (fig. 24). 

A cavum conchale is also absent in Sphenodon, but since it is represented in 
Iguana its loss must be due to parallel evolution. In addition to these secondary 
differences present in all the Ascalabota (with the exception of the Geckonidae) 
a number of primitive Rhynchocephalian characters occur in the Iguanidae, such 
as the prenasal process and the roofing cartilage of J acobsoms organ. 


The capsule of Jacobsoms organ 


In Lacerta the capsule of the organ of Jacobson is partly bony and partly 
cartilaginous. 'The anterior portion of the organ rests upon the lamina trans- 
versalis anterior, from which a conchal cartilage juts into the lumen of the 
organ. 'The floor behind the entrance of the duct is supported partly by the 
vomer and partly by the paraseptal cartilage. The side-wall is formed by the 
lamina transversalis anterior in the region. where it fuses with the paranasal to 
complete the zona annularis. Dorsally the organ is protected by the septo- 
maxillary, whose inner edge rests upon a ledge of the septum nasi. The anteriof 
edge of the lamina transversalis is flexed dorsally to form a shallow cupolar 
protection for the anterior wall of the organ. Posteriorly, at the level 


125 


immediately behind that represented by fig. 44 the side-wall becomes detached 
from the paranasal and having fused with the paraseptal, forms a ring of 
cartilage around the vomeronasal nerve (cf. fig. 47). The same type of capsule 
occurs in all the other Autarchoglossa, but, except in the Teiidae, the cartilage 
shows a greater degree of reduction in most families, so that the vomer and the 
septomaxillary play a more important rêle in the formation of the capsule 
(figs. 40, 52, 55 and 59). 


Among the Ascalabota the capsule of Jacobson's organ of the Geckonidae 
and the Agamidae resembles that of the Autarchoglossa, but Microsaura (the 
only Chamaeleontid possessing the organ) and the Iguanidae (with the exception 
of Anolis) have apparently preserved the primitive Sphenodon capsular type, the 
latter being provided with a cartilaginous roof (figs. 9, 11 and 25). Sphenodon 
has always been regarded as the only reptile possessing this character (figs. 1—3), 
and Broom (1906) has considered its presence as an indication of Sphenodom's 
mammalian affinities. 'The presence of thin strips of cartilage underneath the 
septomaxillary of Teius (fig. 47) and the occurrence of a septal ledge upon which 
the . inner edge of the septomaxillary rests in some of the Lacertidae, 
Gerrhosauridae etc. prove that a roofing cartilage was probably present in all 
primitive lizards. Its secondary disappearance in most recent forms is probably 
due to the fact that the septomasillary has taken over the function of a 
protective covering for the organ. 'The presence in Chrysemys marginata of a 
well-marked ledge on the anterior part of the septum (already described by 
Shaner in 1920) and projecting into the medial fold tending to separate a medio- 
ventral pocket of sensory epithelium (organ of Jacobson?) from the rest of the 
ventral respiratory portion of the nasal cavity (Seydel, 1896) indicates that a 
roofing cartilage was probably present in the capsule of all primitive reptiles, as 
it is in the primitive Mammalia. It is generally conceded that the Chelonians 
are the most primitive living reptiles. 

The Monotremes difer, however, from Sphenodon, the lIguanidae and 
Chrysemys in that the roofing cartilage is not fused to the septum, the organ 
being provided with its own cartilaginous media] wall (Wilson, 1894 and 1901 and 
Broom, 1897). In Ornithorhynchus the two capsules are secondarily fused 
together probably as a result of the presence of what was formerly known as the 
“dumbbell-shaped bone” (Parrington, 1940). In the Marsupialia, Dasypus, 
Tubulidentata, Chrysochloris and in a modified form in the Rodentia a rudimen- 
tary roof occurs in the form of an “outer bar of Jacobsoms cartilage” connecting 
the anterior medial wall with the side-wall behind the duct of the organ 
(Broom, 1896 and 1906). 'The .mammalian condition in which the organ is 
provided with its own medial wall, may be considered as primitive and serves to 
confirm De Beer's opinion of the origin of the paraseptal. (See section on 
Paraseptal below.) 

It is interesting to compare the Sphenodon- Tguanid condition with that of 
Anura in which the crista intermedia, covering the recessus medialis (the 
supposed anuran homologon of the organ of Jacobson), is also continuous with 
the septum nasi in the same position as the roofing cartilage in the reptilian 
Ccapsule. 

Another peculiarity occurring in the Jacobsoms capsule of some Iguanidae 
and 'Teiidae, and one which has apparently been overlooked in Lacerta itself, is 
the circumstance that the side-wall cartilage becomes fused to the paraseptal 
immediately behind the duct of the organ for a short distance (figs. 18, 16, 44 and 
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47). The “secondary palate” of Fuchs (1908) bridging the primitive choana is 
therefore supported by cartilage in these forms. In a number of lizards rudiments 
of a more complete posterior capsule occur in the form of a vertical flange on 
the paraseptal (fig. 33), or as nodules of cartilage which may be isolated or fused 
to the paraseptal (fig. 22). 


The septomaxillary 


The septomaxillary is primarily an investing bone of the vestibular wall 
(Lapage, 1928) and as such appears on the outer surface of the skull in forms 
with a short vestibule, e.g. Anura, Rhynchocephalia (figs. 1 and 2) and Dasypus 
(Wegner, 1922 and Fuchs, 1911). In the Lacertilia the vestibule has enormously 
increased in size and has carried the septomazsillary with it into the interior of 
the nasal organ where it forms a secondary bony roof for the organ of Jacobson 
(eg. fig. 35), and causes the degeneration of the primary cartilaginous roof in 
all lizards with the exception of the Iguanidae. 1t may even cover the nasal 
cavity itself when the vestibule reaches back beyond the organ of Jacobson 
(fig. 10). : 


Nasal muscles 


Bruner (1896—1901) discovered in Urodeles the three smooth nasal muscles 
regulating the opening and closing of the ezternal nares. 'The actual cutaneous 
opening is much smaller than the fenestra narina, which accommodates in 
addition the muscular apparatus. The musculus constrictor naris surrounds the 
posterior semicircle of the external narial opening, both ends being inserted on 
the anterior w&il of the fenestra narina, ie. on the cartilago cupolaris.. The 
m. dilatator naris and the m. dilatator naris accessorius originate on the posterior 
and lateral walls of the fenestra narina respectively. Both pass directly forward 
and upward to insert on the posterior margin of the cutaneous wall of the narial 
opening, among the fibres of the m. constrictor naris (Francis, 1934). 

The mm.lateralis and medialis nasi of Anurans are homologous to the 
mm. constrictor and dilatator naris of Urodela respectively, but as a result of a 
complete change in function, their relations to the capsular elements have 
altered considerably (Gaupp, 1904). 'The external naris of Anura is, moreover, 
so highly specialized that it is of little morphological value. 

Bruner was the first to discover the smooth nasal muscles in the Crocodile 
and he homologised them with those of the Salamandridae (Lapage, 1998). 'The 
relations of the muscles in a 7.5 cm. embryo of Alligator mississippiensis are 
essentially the same as those in Salamandra. 

Leydig (1872) was the first to describe the tissue lining the nasal vestibule 
of Lacerta. According to him it consists of a “geschichtetes Pflasterepithel”, is 
allied to the outer epidermis and contains no glands. 'The cutis layer resembles 
cavernous tissue (Born, 1879). Hoffman (1881) records the cuticular tissue as 
consisting of fine elastic fibres between which occur bloodvessels and simple 
blood lacunae, but containing no muscular elements. lLapage (1928), however, 
describes it as “a tissue composed of smooth muscle fibres and blood sinuses in 
Cconnective tissue.” 

The cavernous cutis of the vestibule of all Lacertilians investigated consists 
chiefly of spindle-like, clearly nucleated cells, resembling smooth muscle fibres in 
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all particulars. 'The fibres originate on either the edge of the fenestra narina or 
on the inner surface of the cupolar cartilage, run directly outward at right angles 
to the cartilage, and then insert on the ectodermal epithelial layer lining the 
vestibule. Among these muscle fibres, sparsely distributed ordinary connective 
tissue cells and a large number of fbres occur. 'These latter are apparently 
elastic, because in material treated with Van Giesoms solution, they are not 
stained by the Fuchsin for which collagen fibres have a strong affinity. In 
material treated with borax-carmine and azan the elongated cells are stained the 
Same dull purplish-blue as muscle, while the fibres assume a dark-blue colour. 
The tissue is interspersed with large blood lacunae between which the cellular 
elements form columnar trabeculae. 'The entire vestibule which in the Iguania 
and Chamaeleontidae may reach back right into the antorbital chamber is lined 
with this cavernous tissue, 


No nasal muscle apart from this peculiar tissue has to my knowledge been 
described for the Lacertilia. 'The work of Bruner (1896—1901) was unfortunately 
not available, but Lapage (1928) who aguotes eztensively from it, mentions no such 
muscle, although in snakes she describes a smooth m. subnasalis occurring in 
addition to the cavernous tissue lining the short vestibule. A' smooth nasal 
muscle comparable with the m. subnasalis will, however, be shown to be present 
in all Lacertilians. 


For snakes Lapage maintains that this musculus subnasalis corresponds in 
form to the musculus dilatator naris of Urodeles, thereby implying that she 
considers the muscular tissue lining the vestibule as homologous to the m. 
constrictor naris. The same implication is contained in the following statement: 
“. ... a tissue composed of smooth muscle fibres and blood sinuses in connective 
tissue, which may by increase of muscular tension and pressure of blood, produce 
a thickening of the margin of the naris and thus bring about its closure.” 'This 
interpretation appears to me to be entirely erroneous. 'The smooth muscle fibres 
run in a direction at right angles to both the cutaneous wall of the vestibule 
and the inner surface of the cupolar cartilage. 'Their contraction would therefore 
obviously tend to enlarge the lumen of the vestibule, partly by their own action 
and partly by forcins the blood out of the lacunae. Functionally at least this 
tissue is therefore comparable with the dilatator muscles of Urodeles. 
Topographically it also corresponds to the m. dilatator naris, since the muscle 
fibres arise from the edge of the fenestra narina and the inner surface of the 
cupola, and insert on the cutaneous wall of the vestibule representing a greatly 
elongated narial opening (see above). Closure of the narial opening would be 
effected by a decrease in tension in the fibres and a filling of the lacunae with 
blood. 

If this interpretation is correct, the m. subnasalis of snakes must either 
represent a part of the m. dilatator naris which has not been invaded by blood 
lacunae, or it must be homologous with the m. constrictor naris. 

In the snake Homalosoma the m. subnasalis was found to be absent, unless it 
is represented by a small bundle of fibres running .upward from the postero- 
1ateral process of the premaxillary to insert on the plica nasalis. In the 
Leptotyphlopidae the muscle is likewise absent. 

Since Lapage (1926) does not describe the anatomical relations of the muscle 
in snakes it is difficult to form any opinion regarding its homology with the 
muscle mass composed of smooth fibres and not invaded by blood lacunae found 
to be present in the region of the external narial opening in lizards. In the 
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South African Lacertid genus Eremias the muscle is typically developed (fig. 62). 
Its anterior head originates on the dorsal surface of the cupola anterior bordering 
the fenestra narina. 'There are two heads posteriorly; the fibres composing the 
dorsal one insert on the postero-dorsal border of the fenestra narina, while those 
of the ventral head pass downward behind the cutaneous narial opening to insert 
partly on the cartilago alaris inferior and partly on the maxillary where this 
bone contributes towards the formation of a ventral border to the fenestra 
narina. It is obvious that a contraction of the fibres would tend to lift the 
cartilago-alaris inferior and thus close the narial opening. 

In some of the larger adult specimens, in which it was found necessary to 
remove the skin before sectioning, this somewhat superficially lying muscle was 
unfortunately damaged, but it was possible to demonstrate its presence in a great 
number of representative genera. The muscle is exceptionally well-developed in 
the Agamidae (fig. 90) and shows slight variations in the Chamaeleontidae 
(fig. 61). In Varanus miloticus, strangely enough, it appears to be absent. 

In Lacertilia, therefore, there occurs in the cutis surrounding the external 
nares a smooth muscle, all the fibres of which attach to skeletal elements as also 
does the m. constrictor naris of Urodeles. 'The contraction of the muscle will 
cause the closure or at least a narrowing of the narial opening by lifting the 
cartilago alaris inferior, drawing down the cartilago alaris superior (see Agamidae 
above) and pulling forward the hind wall of the cutaneous narial opening itself. 
In various lizards one or a combination of two or all of these factors appear 
sufficient to effect a complete closure of the external nares (see also Acontias 
above). Functionally, as well as morphologically therefore this muscle is 
homologous with the m. constrictor naris of Urodeles. 

The opening and closing of the erternal mares in Lacertilians, therefore, 
appear to-be effected as in Urodeles and Crocodiles by the action of a pair of 
antagonistic muscles, of which the dilatator has become cavernous. 

Bruner (dguoted by Francis, 1934) maintained that the narial muscles in 
Urodeles, arise in situ from the mesoderm and not from any other muscle. In 
embryos of Mabuia and Microsaura the muscles are diferentiated in the cutis 
fairly late in the ontogeny. 1t was hoped that the innervation might help to 
throw light on their morphology but since the dermal muscles are not clearly 
defined from the surrounding connective tissue, it was found impossible to trace 
the nerve endings in material not specially stained. 

True dermal muscles, represented in the human being solely by the tunica 
dartos, apparently do not originate from the myogenic layers of either the 
myotome or the splanchnotome. 'They should therefore originate from the cutis 
layer of the myotome which is thus myogenic as. well as desmogenic. 'The 
so-called dermal facial muscles in man belong in reality to the facialis 
musculature and are therefore splanchnotomic. 'To my knowledge nothing is 
known of the histogenesis and the ontogeny of the nerves passing to the tunica 
dartos in man. 'The erectile tissue of the vertebrate phallus according to Tonutti 
(1932) has resulted from the excavation of the retractors and propulsors of the 
Gymnophione prophallus but the author does not seem to be certain as to the 
myogenic strata from which these muscles derive. 
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The ectochoanal 


The ectochoanal in typical Lacertilia consists of a small cartilaginous process 
projecting back from the lamina transversalis anterior and serving as a support 
for the lateral edge of the anterior portion of the choana (fig. 33) or the choanal 
groove (fig. 44), and also for the anterior end of the morphological (fig. 35) or 
functional (fig. 47) ductus nasolacrimalis. (See below.) 

Gaupp (1900) confirms for Lacerta Seydels (1895) statement that the ecto- 
choanal (“Gaumenfortsatz”) of Urodeles represents the first step towards the 
formation of a functional secondary palate. Among lizards the ectochoanal 
largely contributes towards the formation of two entirely non-related types of 
secondary palate: that of Anolis (fig. 18) and that of the Geckonidae and 
Xantusiidae (figs. 83 and 87). Tt is interesting to compare them with the 
Monotremes in this respect: in these primitive mammals the ectochoanal is 
relatively simple compared with that of higher mammals but it bends inward 
behind the ductus nasopalatinus to fuse midventrally with its fellow of the 
opposite side, thus forming a cartilaginous secondary palate ventral to the 
paraseptals and the septum (Broom, 1897). In higher mammals the ectochoanal 
is represented by the cartilago palatina which (in the more specialized forms in 
combination with the cartilago ductis nasopalatini) forms a support for Stensom's 
duct (De Beer, 1939). 


The paraseptal 


The origin of the paraseptal has been interpreted in various ways: Parker 
described it as being derived from the trabecular cornu, as is also the lamina 
transversalis anterior. Seydel (1895) and Gaupp (1900) considered the paraseptal 
as representing a remaining part of the solum nasi which has secondarily lost its 
Cconnezrion with the septum. Gaupp pointed out that it is horizontally situated in 
the young stages of ontogeny (cf. fig. 3) and only later acduires the normal 
Lacertilian relations (fig. 44). In Lacerta the early ontogeny afords no further 
clue as to its derivation, since the paraseptal originates as a separate cartilage 
(De Beer, 1930). In his “The development of the Vertebrate Skull”, however, 
De Beer advances the opinion that the paraseptal is a vestige of the medial 
capsular wall, proceeding from the Selachian and Urodelan condition in which 
the median wall is still distinct from the trabecular septum. 'The type of nasal 
capsule retaining a free paraseptal and a free lamina antorbitalis (as in 
Lacertilia) should therefore be looked upon as primitive. In Teius (fig. 47) and 
in some Iguanidae a small posterior part of the capsule of Jacobsom's organ is 
provided with its own median wall 'This is true of the entire capsule of 
monotremes. 

In the lizards investigated the paraseptal is continuous in the Iguanidae, 
Geckonidae, Xantusiidae and Lacerta but in the other families it tends to be 
discontinuous. 'This is probably a functional adaptation caused by the pumping 
action of the organ of Jacobson. In the great majority of lizards it is 
discontinuous in the region of the organ of Jacobson (figs. 22 and 40). In the 
Chamaeleontidae it is completely absent except in the ontogeny of Microsaura 
(fig. 30), while the Teiidae and Varanidae are exceptions to the general rule in 
that the paraseptal is interrupted in its posterior half. Tn Xantusia the 
paraseptals are fused in the region of the organ of Jacobson (fig. 37). 
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Lateral paraseptal 


In addition to the ordinary paraseptal a second bar of cartilage, also 
entochoanal in position and likewise extending from the lamina transversalis 
anterior to the lamina antorbitalis, occurs in the Iguanidae (fig. 10). In the 
genera examined it is complete in Sceloporus only (fig. 5), whereas it consists of 
anterior and posterior rudiments in the others (fig. 16). Tts relations to the lamina 
transversalis anterior and the primitive choana is described in the section on 
Sceloporus. 

The occurrence of this “additional paraseptal” is an indication that a much 
more exstensive solum nasi, comparable to that of Chelonia formerly existed in 
the Lacertilia since it is difficult to see how it could have arisen secondarily. In 
the absence of any homologous element in other groups it is proposed to call the 
cartilage the lateral paraseptal but its coincidence with the lateral part of the 
true paraseptal is not necessarily implied. 

In birds remnants of the paraseptal have been described in Apteryx (Parker, 
1888). In Crypturellus two or three parallel and isolated struts of cartilage occur 
on either side of the septum (De Villiers, in the press). The more lateral of these 
may perhaps be homologous to the lateral paraseptal of Iguanidae but it seems 
more probable that they represent vestiges of the hind wall of a capsule of 
Jacobson's organ (cf. fig. 22). Parallel work on the paraseptal entities in Anas 
is in progress (Swart). 


The ductus nasolacrimalis and the “secondary palate” 


The primitive Diapsid relations of the ductus nasolacrimalis in Sphenodon 
have been variously altered in the Lacertilia, as a result of a varying degree of 
, development of a “secondary palate” bridging the primitive choana behind the 
opening of the organ of Jacobson (Fuchs, 1908). 

In the development of Lacerta the Sphenodon condition is actually recapitu- 
lated: the anlage of the ductus nasolacrimalis originates in a groove in front of 
the eye as a solid epithelial cord growing inward towards, and eventually fusing 
with a lateral pocket (Beecker's “Winkeltasche”) in the lateral wall of the 
anterior end of the primitive choanal slit (“Choanenspalte”) opposite the duct of 
Jacobsom's organ (Born, 1879) (cf. figs. 31 and 382). It opens into the respiratory 
choanal passage (“Choanengang”), ie. between the “inner” and “outer” choana 
connecting the nasal cavity proper with the choanal passage and the latter in 
turn with the mouth cavity (Géppert, 1903). 

In all adult lizards, however, a secondary palate formed by a fusion of the 
sides of the choanal passage separates the opening of the organ of Jacobson 
from the functional choana (Fuchs, 1908). 'Theoretically the fusion may take 
place at either of two levels in the choanal passage, those corresponding to 
Born's “inner” and “outer choana”. (See text fig. 6 in Fuchs, 1908) According 
to Fuchs, however, fusion is usually effected at the upper level as in Lacerta, 
with the result that a choanal groove (“Choanenrinne”) is formed between the 
functional choana and the organ of Jacobson. He further states that in 'Teiidae 
and Varanidae the sides of the entire choanal passage in front of the functional 
choana have fused together so that the choanal groove is completely obliterated 
with the exception of an anterior tubular rudiment through which the organ of 
Jacobson opens into the oral cavity. A duct — which Fuchs considers by 
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implication to be the ductus nasolacrimalis — opens into this anterior rudiment 
near the organ of Jacobson. 


A study of the palate of Anolis sagrae and a careful analysis of the 
palates of those Lacertilian families in which no choanal groove exists would 
seem to prove that the absence of a choanal groove is only apparent and that 
the anterior palatal end of the ductus nasolacrimalis lying in front of the choana 
is homologous to a choanal groove, transformed into a duct by the presence of 
both the upper and the lower “secondary palates”. 


In the Iguanidae and Agamidae the “secondary palate” and conseguently 
the choanal groove are extremely short, and according to Fuchs (1908) the 
primitive Sphenodon type of palate obtains unchanged in the Agamid Uromastix. 
Where a “secondary palate” is present in this group the ductus nasolacrimalis 
has the same relations as in Geckonidae. 


In the other families examined a choanal groove is typically present in the 
Geckonidae, Scincidae, 'Lacertidae, Gerrhosauridae and Cordylidae. 'These 
families exhibit two orthogenetic directions each of which approzimately 
constitutes the primitive type for each of the two principal subdivisions into 
which Camp (1923) groups the Lacertilia. 

In the Geckonidae (and the Iguania) the ductus nasolacrimalis runs parallel 
to the choanal groove and opens into its anterior end opposite the organ of 
Jacobson (fig. 35, right side), as in Sphenodon. In the other four families 
mentioned above the anterior end of the ductus nasolacrimalis together with 
the anterior end of the choana is posteriorly displaced during the ontogeny, 
and in the adult the secretion from the Harderian and lacrimal glands is carried 
to the organ of Jacobson along an open gutter in the choanal groove (homologous 
to the “Winkeltasche” of Beecker). As Fuchs (1908) has noted, the “Winkel- 
tasche” is absent in Geckonidae. From these two relatively primitive types of 
palate the more specialized condition in which a choanal groove appears to be 
lacking may be derived. 

In the aberrant Chamaeleontidae the organ of Jacobson is either absent or 
rudimentary and the choanal groove is consedguently completely. obliterated, the 
ductus nasolacrimalis thus directly opening into the choana. 

The condition found in Anolis (figs. 17 and 19) is clearly derivable from the 
first type, since two parallel ducts occur in front of the functional choana: the 
one representing a true nasolacrimal duct, and the other a transformed choanal 


Sroove. 

In all the other families investigated (Xantusiidae, 'Teiidae, Varanidae, 
Amphisbaenidae, Anguidae and Anniellidae) there is one palatal duct only (figs. 
47, 59 and 55). In the 'Teiidae, Varanidae, Anguidae and Anniellidae the ductus 
nasolacrimalis opens into the anterior end of the choana (figs. 58 and 57), and 
it is evident that this condition has been derived from the Lacerta type through 
the development of an additional secondary palate closing up the anterior part 
of the ,outer choana” as well. The duct carrying the secretion of the Harderian 
and lacrimal glands from the choana to the organ of Jacobson therefore 
represents that part of the choanal groove which, even in Lacerta, is functionally 
a part of the ductus nasolacrimalis, ie. the “Winkeltasche”. 

In the Xantusiidae and Amphisbaenidae present a special problem since the 
nasolacrimal duct does not open into the choana, but is continuous with the 


palatal part of the duct. 
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Taking their close relationship with the Geckonidae and the great similarity 
of the opening of the duct into the organ of Jacobson (fig. 35) into account, the 
Xantusiidae (in spite of being classified under the Autarchoglossa) must be 
derived from the Geckonid type, and the anterior portion of the duct would 
therefore represent the anterior part of the true nasolacrimal duct. DE lie 
presence or absence of an opening of the ductus nasolacrimalis into the choana 
is to be taken as a criterion, the Amphisbaenidae must also be derived from the 
Geckonid-Iguanid type. Significant in this respect is the opinion of Gadow 
(1990) with respect to their affinity with the Xantusiidae. 'The opening may, 
however, have been closed-up secondarily, and in view of Camp's theory of their 
Autarchoglossid affinities, the problem cannot be settled without reference to 
the ontogeny. 

In snakes the eye is situated above the large organ of Jacobson; the nasal 
cavity itself is reduced, and the choana lies far back. 'The ductus nasolacrimalis 
extends downward from the orbital region and reaches -the level of the palate 
1ateral to and in the immediate vicinity of the organ of Jacobson. lInstead of 
passing straight to the organ, it runs backward in the direction of the choana 
for a short distance, then turns back and enters the duct of the organ irom 
behind. Snakes, therefore, resemble the Xantusiidae and Amphisbaenidae in as 
much as their duct does not actually open into the choana. 'The unusual 
direction taken by the duct would seem to indicate a previous connexion, lost 
through the modified relations of the eye and nasal cavities. Unfortunately the 
embryos of Leptodeira, kindly donated to the department by Dr. G. T. Brock, 
were too old to show whether this connexion is recapitulated in the ontogeny. 
In the absence of younger embryoniec material it is therefore impossible to come 
to any conclusion with respect to the homology of the anterior end of the ductus 
nasolacrimalis of snakes. 


The investigation of the nasal organ and ductus nasolacrimalis confirms 
Camrp's classification of lizards into two main groups, the Geckonidae occupying 
a somewhat obscure possibly “parental” position. Jn the Ascalabota, the 
Agamidae and Chamaeleontidae represent offshoots from already 
Sspecialized Iguanid stock. Among Iguanidae Iguana itself is to be considered as 
primitive chiefly on account of the retention of a concha. 
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LIST OF FORMS INVESTIGATED 


(Length signifies distance from tip of snout to tip of taiD 


Iguanidae: Sceloporus undulatus Latreille (young adult, 5 c.m.) 
Utita stansburiamna (adult) 
Phrynosoma douglassii (adult) 
Iguana iguana iguana Shaw (young adult) 
Anolis sagrae Duméril & Bibron (young adult, 4.8 c.m.) 
Agamidae: Agama atra Daud. (adult) 
Agama hispida (emhbryo, 2.1 c.m.) 
sy (embryo, 3.2 c.m.) 
jy pe (embryo, 8.5 c.m.) 
(embryo, 8.9 c.m.) 
Chamaeleontidae: Chamaeleon bitaeniatus hohnelii Steindachner (adult) 
Microsaura ( — Lophosaura) pumila pumila Daud. (adult) 


5 3 ” 4. (embryo, .9 cm) 
” R sy 5 be (embryo, 1.5 c.m.) 
HD] LY) n) ) (embryo, 1.9 C.M.) 
” ” ” s5 , (embryo, 2.4 cm.) 
” 5 ,. (embryo, 2.5 c.m.) 
” ” sy GE ,. (ermpryoe, 841 cm.) 
” N 5 5 (embryo, 38.7 c.m.) 
HO] `” HO] ”” %” (embryo, 4 C.M.) 
” ” ” * (embryo, 5 c€.m.) 
” ss EE (embryo, 5.4 c.m.) 


Geckonidae: 


Xantusiidae $ 
Scincidea: 


Teiidae: 


Amphisbaenidae: 


Varanidae: 
Anguidae: 


Anniellidae: 
Cordylidae: 
(—Zonuridae): 
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Pachydactylus weberi gariesensis Hwt. (adult) 
Pachydactylus ocellatus Cuv. (adult) 
Pachydactylus sp. (embryos, various stages) 
Lygodactylus capensis (embryos, various stages) 
Xantusia vigilis (adult) 

Mabuia capensis Gray (adult) 


” N iembryo. 1.2 6m) 
” ” , (embryo, 1.8 c.m.) 
” ” ,  (embryo, 2.17 cm.) 
” ” ,  (embryo, 3.9 c.m.) 
” ” , (embryo, 4.5 cm.) 

(embryo, 5.8 c.m.) 


Scelotes bipes (adult) 
Ablepharus wahlbergii (A. Smith) (adult) 

Acontias meleagris meleagris (Linn.) (adult) 

Acontias meleagris meleagris (Linn) (embryos, various stages) 
Typhlosaurus vermis .Boul. (adult) 

Teius teyo teyo Daud. (young adult) 

Ameiva undulatus Wiegmann (adult) 

Cnemidophorus sezlineatus (adult) 

Monopeltis capensis (adult) 

Rhineura floridana (adult) 

Varanus niloticus (Linn.) (embryo, 28 c.m.) 

Celestus pleii Duméril & Bibron (adult, 12.5 c.m.) 

Ophisaurus ventralis (Linn) (adult, 15 c.m.) 

Anniella pulchra Gray (adult) 

Cordylus cordylus (young adult) 

Cordylus sp. (embryo, hatched) 

Platysaurus capensis A. Smith (adult, 10 c.m.) 

Chamaesaura anguina (Linn) (adult) 


ABBREVIATIONS USED IN FIGURES 


aditus conchae. 

anterior conchal process. 

anlage of parietotectal cartilage. 

anterior rudiment of the choanal groove. 
concha nasalis. 

Ccupola anterior. 

cavum antorbitale. 

cavum conchale. 

cartilago ectochoanalis. 

cavum extraconchale. 

choanal duct. 

choanal groove. 

choanal opening of nasolacrimal duct. 
concha of Jacobson's organ. 

choanal opening. 

planum  antorbitaie. 

paranasal cartilage. 

cartilago sphenethmoidalis. 

dorsal fenestra in roofing cartilage. 

duct of lateral nasal gland. 

dorsal groove for premaxillary. 

ductus nasolacrimalis. 

dorsal division of ductus nasolacrimalis. 
ventral division of ductus nasolacrimalis. 
ductus nasopharyngeus. ) 

dorsal rudiment of zona annularis. ) 
extracapsular part of recessus intraconchalis. 
frontal. 
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foramen apicale. 

foramen epiphaniale. 
foramen glandula nasalis. 
fissura lateralis nasi. 

fenestra lateralis nasi. 
fenestra narina, 

fenestra for nervus vomeronasalis 
fenestra olfactoria. 

fissura orbitonasalis. 
foramen for ramus medialis. 
fenestra superior nasi. 
glandula nasalis lateralis. 
groove for recessus extracapsularis 
Harderian gland. 

inner choana. 

capsule of Jacobsoms organ. 
duct of Jacobsom's organ. 
organ of Jacobson. 

lacrimal. 

lower eyelid. 

lateral paraseptal. 

lower secondary palate. 
lamina transversalis anterior. 
maxillary. 

nasal. 

true nasal cavity. 
“nasolacrimal groove.” 

narial muscle. 

narial opening. 

nervus olfactorius. 

outer choana. 

oral cavity. 

opening of ductus nasolacrimalis. 
opening op Jacobson's duct. 
orbitonasal canal. 

orbital rudiment of nasolacrimal ducé 
paraseptal. 

processus alaris inferior. 
palatine. 

processus alaris superior. 
parietotectal cartilage. 
processus cupolaris anterior. 
primitive choana (Fuchs). 
prefrontal. 

premaxillary. 

processus maxillaris anterior. 
processus maxillaris posterior, 
primitive nasal groove. 
papillary cartilage. 

prenasal process. 

paraseptal rudiment. 
posterior recess of Jacobsom's duct. 
planum supraseptale. 
pterygoid. 

roofing cartilage. 

recessus extracapsularis. 
ramus ethmoidalis of 5. 
recessus intraconchale. 
ramus lateralis. 

ramus medialis. 

ramus olfactorius. 

anterior vestibular recess. 
ramus vomeronasalis. 
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ventral vestibular recess. 
sclera. 

interorbital septum. 
septomaxillary. 

septum nasi. 
Supraorbitals. 

secondary palate (Fuchs). 
side wall of Jacobsom's organ, 
tongue. 

transversum. 

upper eyelid. 

upper secondary palate. 
vomer. 

vestibule. 

Zona annularis. 

artefact. 
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Die Voorkoms en Bestryding van Roetdou 
op Sultanastokke veroorsaak deur 


Exosporium sultanae Nov. Spec. 


Deur 


S. |. DU PLESSIS, D.Sc. (Agric) 


Departement van Plantsiekteleer, Stellenbosch-Elsenburgse Landboukollege 


van die Universiteit van Stellenbosch, 


ABSTRACT 


leaf blotch disease was reported on Sultana vines during the 1940-'41 

season in the district of Kenhardt, a disease that has since then spread 
to Sultana vineyards at Vredendal, Ladismith and Worcester. 'The disease first 
appears on the dorsal leaf surface where dark olive coloured, velvety to granular, 
indefinite spots develop. When the spots have enlarged to a size of approximately 
3 mm. they are bordered by a halo of yellow discoloured leaf tissues. The centre 
of the spots then show necrosis and become visible on the ventral suriace as 
dark brown, irregularly circular spots. Severe leaf infections lead to a premature 
leaf drop, resulting in damage to the crops on defoliated vines, an exhaustion 
of the vines, the weakening of shoots and in the ultimate death of the vines. 


The disease was found to be caused by a species of Ezosporium. 'This fungus, 
for which the name Ezosporium Sultanae nov. spec. is proposed, forms typical 
sporodochia (30u -120u in diameter) particularly on the dorsal surfaces, 
on which continuous to 4-septate, brown coloured conidia are borne on similarly 
coloured, simple conidiophores. These conidia measure 10.8 - 61.2 Xx 5.0 - 10.1u, 
averaging 31.8 x 7.3u. 'The causal organism hibernates in fallen leaves, Srows 
very poorly in culture and is favoured in this resporulation and in the germination 
Of its conidia by exposure to temperatures ranging from 15” C. to 20” C. 'The 
disease occurs exclusively on vines of the Sultana variety. The organism infects 
shoots of this variety only when subjected to particularly favourable conditions. 
Its epidemiology in the affected areas is majorly dependent on the occurrence of 
rainfall during the early growing season, especially during the month of October, 
and its highly sporadic occurrence in these vineyards is to be ascribed mainly 
to variable rainfall during these months. 


The application of fertilizers containing nitrogen, potash, phosphate, manure 
and lime apparently have very little effect, if any, on the resistance of vines to 
the disease. 


This disease can best be controlled by timely applicstions of sulphur or 
copper containing dusts or of sprayings at about three weekly intervals during 
the early part of the season, the first to be applied when the shoots are 
approximately ten inches long. O(I the fungicides tested, ie. sulphur dust (996), 
Copper sulphur dust, copper lime, Bordeaux-mixture, lime sulphyr solution, 
vigroside and copper hydro, sulphur was found to be the most effective and 
was nearly egualled by copper sulphur dust. The application of dormant sprays 
of copper sulphate (5%) or lime sulphur (1 in 8), and of summer applications 
later than the middle of November have been found to be totally ineffective in 
lessening the occurrence of the disease. 
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DIE VOORKOMS EN BESTRYDING VAN ROETDOU OP 
SULTANASTOKKE VEROORSAAK DEUR EXOSPORIUM 
SULTANAE NOV. SPEC. 


DEUR 


S. J. DU PLESSIS, D.Sc. (Agric), Departement van Plantsiekteleer, Stellenbosch- 
Flsenburgse Landboukollege van die Universiteit van Stellenbosch, Stellenbosch. 


Gedurende die latere gedeelte van die groeiseisoen 1940-41 is berig ontvang 
dat 'n blaarvleksiekte ernstige verliese veroorsaak in 'n Sultanawingerd wat geleë 
is onder die Buchubergse besproeiingskema sowat 80 myl vanaf Upington in die 
distrik Kenhardt. Gedurende April 1941 is die aangetaste wingerd ondersoek en, 
hoewel die seisoen toe reeds verstreke was, kon die nagevolge van hierdie siekte 
nog duidelik waargeneem word. 


Die siekte het die normale blaardrag van die stokke so erg aangetas dat dié 
reeds geheelenal afgeval het. Nuwe blare is gedurende die latere gedeelte van 
die seisoen gevorm en dié het toe ookal reeds tekens van aantasting getoon. 


Wingerde in die nabyheid van die aangetaste een is sorgvuldig ondersoek, 
maar geen teken van die siekte kon hierop waargeneem word nie. Verskeie 
ander besproeiingspersele is tussen Buchuberg en Upington en tussen Upington 
en Kakamas noukeurig ondersoek maar geen teken van die siekte kon in enige 
van hierdie wingerde bespeur word nie. 


'n Swam is op die aangetaste blare gevind wat nog nie voorheen op Suid- 
Afrikaanse wingerde gevind is nie. Reëlings is derhalwe getref vir die uitvoer 
van 'n vereenvoudigde bestrydingsproef gedurende die seisoen 1941-1942 op hierdie 
aangetaste Sultanawingerd. Die siekte het gedurende hierdie seisoen egter in 
So 'n geringe mate voorgekom dat geen beduidende bessmettingsgegewens op die 
behandelde en onbehandelde stokke waargeneem kon word nie. Hierdie proewe 
is nie weer gedurende die seisoen 1942-1943 herhaal nie. Die siekte het toe egter 
besonder erg voorgekom, nie alleen in die wingerd wat oorspronklik besmet was 
nie, maar ook in verskeie wingerde tot by Upington en verderaf tot by Kakamas. 
Die blare van stokke in 'n groot aantal wingerde was so erg aangetas dat hulle 
almal geval het, net voordat die oes gepluk.kon word. Hierdie strawwe voorkoms 
van die siekte het besonder ernstige oesskade deur sonbrand en korrelval as 
gevolg gehad. 

Terselfdertyd is berig ontvang dat die siekte ook voorkom in Sultanawingerde 
in die distrikte Ladismith en Vredendal. ln al hierdie distrikte het geeneen van 
die ander winserdvariëteita in die onmiddellike nabyheid van die besmette 
Sultanastokke enige tekens van besmetting getoon nie. 


Gedurende die seisoen 1945-1946 is dit verder vasgestel dat die siekte reeds 
in 'n Sultanawingerd in die distrik Worcester voorkom. Hoewel die wingerde 
van naburige plase en distrikte hierna noukeurig besigtig is, kon nog geen 
verdere tekens van besmetting waargeneem word nie. 

Die oorsprong van die siekte en die metode van invoer kon nie bepaal word 
nie. Sy gelyktydige voorkoms in wingerde in drie distrikte wat so ver van mekaar 
verwyderd is, dui daarop dat die siekte moontlik vir 'n aansienlike tyd in 'n baie 
ligte graad in enkele wingerde aanwesig moes gewees het. Die waarnemings 
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wat gedurende die 1940-1941 en daaropvolgende seisoene oor die verspreiding 
van die siekte gedoen is, dui daarop dat die siekteveroorsakende organisme 
besonder maklik deur wind versprei kan word. 


Weens die erns van die toestand is 'n uitgebreide ondersoek van die siekte 
vanaf die seisoen 1949-1943 onderneem met die hoofdoel om bevredigende 
bestrydingsmaatreëls hiervoor te vind. Die grootste gedeelte van hierdie onder- 
soekings is uitgevoer in 'n opgeleide Sultanawingerd op die Landbouproeiplaas 
op Upington (TNlustrasie 1) en in 'n onopgeleide Sultanawingerd op een van die 
besproeiingspersele op Kakamas (IMlustrasie 2). 


DIE SIEKTE. 
KENTEKENS EN GEVOLGE VAN DIE SIEKTE. 


Die siekte is eers aan die onderkant van die blaar sigbaar waar donker 
olyfgroen, fiuweelagtige skimmelkolle in min of meer ronde vlekkies ontwikkel. 
Hierdie #fiuweelagtige vlekkies vergroot stadisaan en, as hulle ongeveer drie 
millimeter in deursnee is, verbleek die onderliggende en omliggende blaarweefsels 
na 'n geelgroen tot geel. Die fiuweelagtigheid vertoon later ietwat korrelriger 
en brei in die rondte uit om uiteindelik tot selfs tien millimeter in deursnee te 
wees (Illustrasie 12). Dit is 'n algemene verskynsel dat die grootte van die 
vlekke aansienlik kan verskil. Gewoonlik kan 'n paar 'ou, groot vlekke op ouerige 
blare waargeneem word. Hierdie ou vlekke, die fiuweelagtigheid waarvan minder 
duidelik word, is omgewe deur 'n groter getal kleiner vlekkies wat na die eerstes 
ontstaan het. Dikwels kom 'n nog groter getal baie jong vlekkies voor wat. die 
hele onderkant van die blaar oortrek en inmekaar loop om 'n menigte ronde en 
soms 'n paar groot onreëlmatige, fiuweelagtige vlekke te vorm. (Tustrasies 8 en 9). 


Aanduidings van besmetting van die blaar word aan sy bokant nie sigbaar 
voordat die fiuweelagtige vlekkies aan die onderkant 'n deursnee van minstens vyf 
millimeter bereik het nie. Dan verbleek die kleur van bladweefsels bokant die 
vlek na 'n liggroen en uiteindelik na 'n geel. As die vlek aan die onderkant sewe 
tot tien millimeter groot is, begin die bladweefsels in die sentrum van die vlek 
bruin te word en slaan klein onreëlmatig ronde ligbruin kolletjies aan die bokant 
in die middel van die geel vlek deur (Tllustrasies 7 en 11). Die aangetaste blare ' 
behou hierdie sogenaamde ,,padda-oog”-voorkome aan die bokant, totdat die 
vlekke so dig op mekaar is en tot so 'n mate inmekaarloop dat groot gedeeltes 
van die blaar geel en later bruin word en opdroog. Blare wat so erg aangetas is 
val dan vroegtydig af en droog verder op die grond uit, 


Gedurende die winter kan 'n menigte, effens verhewe, donker puisies op ou 
blare in aangetaste wingerde waargeneem word. Hierdie puisies is op hulle 
volopste in die oorspronklike vlekke, maar is verder ook verspreid oor die hele 
onderste oppervlakte van die blare. Sulke puisies is soms ook aan die bokant 
van verrottende blare waargeneem, maar is hier heelwat minder talryk as aan 
die onderkant. 


Dit is uiters seldsaam dat Sultanalote deur die siekte aangetas word. Enkele 
gevalle is opgemerk waar die siekte min of meer langwerpige, bruin vlekkies vorm 
en dit alleen op lootgedeeltes wat, onder die bedekking van die stokke in, op baie 
klam grond lê. Die aangetaste basgedeeltes bars later lensvormig, maar gewoonlik 
nie diep nie (Tlustrasie 10). As die barsies volop is kan onreëlmatige, skurwerige 
vlekke ontstaan. 


ILLUSTRASIE 1. 


Opgeleide Sulitanawingerd op die proefplaas te Upington, waarin `n deel van 
die bestrydimngsproewe uitgevoer ts. 


ILLUSTRASIE 2. 


Gewone gevlegte Sultanawingerd te Kakamas waarin `n deel van dié 
bestrydingsproewe uitgevoer is. 


ILLUSTRASIE 3. 


'n Dwarssnit deur `n roetdoubesmette Sultanablaar adantonende `n aantal 
sporodochia van Exosporium sultanae Mov. spec. 


ILLUSTRASIE 4, 


Hoë grasopslag in `n Sultanawingerd, `n toestand 
wat besonder bevorderlik is vir 
roetdouontwikkelimng.' 
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Waar swaar blaarbesmettings die vroegtydige blaarval veroorsaak het en 
waar sulke stokke weer nuwe blare gedurende die latere gedeelte van die somer 
en gedurende herfs voortgebring het, word lote onvolkome ryp en is hulle geneig 
om van hulle punte af terug te sterf. Hierdie indirekte nagevolg van die siekte 
is beslis een van 'n baie ernstige aard, want dit lei tot 'n baie sterk agteruitgang 
van die algemene groei en die daaropvolgende oes van die stokke. Gedurende 
die winter kan 'n menigte swart stippels op die dooie lootpunte gesien word 
wat meestal pycnidia van 'n Phoma-soort is. 


Dit is nie alleen besonder moeilik om geskikte draers vir opvleg te vind in 
wingerde wat gedurende die vorige seisoen erg aangetas is nie, maar selfs die 
beste draers wat gelaat kan word is bros en besonder geneig om met die opvleg 
te breek. Dit is dan 'n algemene verskynsel dat die nuwe lootjies gedurende die 
daaropvolgende lente net tot 'n lengte van ongeveer vier duim uitgroei en 
doodgaan., 


Hierdie invloede van die siekte op die lote en die algemene groei van die 
wingerdstok het noodwendig 'n besonder skadelike uitwerking op die oes. Waar 
swaar besmettings redelik vroeg in die seisoen voorkom, is dit algemeen dat die 
stokke byna al hulle blare verloor net voordat die oes ryp genoeg is om gepluk 
te word. Dit lei nie alleen tot 'n groot gevaar van sonbrand nie, maar met die 
ontydige verlies van die blaardrag is die korrels besonder geneig om te val nog 
voordat hulle behoorlike plukrypheid bereik het. 


Waar die siekte dus erg voorkom en veral waar dit vir twee agtereenvolgende 
jare erg is, is die oesverlies altyd baie swaar. In wingerde wat vroeër in 'n 
uitstekende toestand verkeer het, kan die oeste in een enkele seisoen verminder 
met 'n tweederdes. Selfs hierdie orige eenderde van die oes kan weens die 
bevange rypwording, maar 'n gedroogde produk van 'n lae gehalte lewer. Hierby 
staan sulke wingerde, tensy hulle hierna baie goed versorg word, bloot aan 'n 
totale uitputting en uitsterwing as `n verdere gevolg van die siekte. 


Wingerdstokke van die variëteite Hanepoot, Fransdruif, Groendruif, Barlinka, 
Raisin Blanc en Hermitage wat in die onmiddellike omgewing of selfs tussen 
swaarbesmette Sultanastokke gestaan het, is verskeie kere noukeurig ondersoek 
langs die Grootrivier sowel as in Vredendal. In geen enkele geval kon enige 
tekens van roetdoubesmetting van hierdie variëteite aangetref word nie. 


DIE VEROORSAKENDE ORGANISME. 


Morfologie: 


Die siekteveroorsakende swam vorm sy sporodochia en conidia net aan die 
onderkant van dié gedeelte van lewende blare wat oppervlakkig #fluweelagtig 
voorkom (Tllustrasie 3). Die spoorkussinkies op die nog lewende blare is eers 
bedek deur die opperhuid en bestaan uit 'n betreklik dig saamgepakte massa van 
liggekleurde swamdrade. Later breek die spoorkussinkies deur die opperhuid van 
die onderkant van die blaar om die fiuweelagtige tot fyn korrelrige voorkome 
te gee aan die besmette dele. Die sporodochium is dan kompakt rond, plat tot 
effe bol bo-op en dit bestaan uit 'n kleurlose tot ligbruin subiculum waarin die 
swamdrade min of meer stralend uitloop vanuit die blaarweefsel na buitentoe 
(THustrasie 5). Hierin is die konidiofore dig en parallel langs mekaar gerangskik. 
Die spoorkussinkies is Of alleenstaande Of hulle kan so naby mekaar ontwikkel 
dat hulle aanmekaar raak of inmekaar ontwikkel. Die deursnee van die 
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spoorkussinkies wissel tussen 30u en 120u. Die konidiofore is langwerpig-knuppel- 
vormig, donker rookbruin, onvertak, betreklik reguit, eers eensellig, later deur 
een of twee tussenskotte opgedeel. Hulle bopunte is eers breed-rond en dra die 
conidia enkeld aan hulle punte (ITustrasies 138 en 15). As hierdie conidia val 
word 'n litteken aan die konidiofoor agtergelaat. Later kan verdere conidia 
namekaar gedra word op ander plekke aan die punt van die konidiofoor. Hierdie 
spoorproduksie gaan gewoonlik gepaard met 'n geringe verlenging van die 
konidiofoor, sodat die ou spoorlittekens aan die kant van die draers kom. 
Die konidiofore is 16.0u tot 29.2u lank en 5.0u tot T.3u breed. 


Die conidia is langwerpig, reguit of cfens gebuig, met ronde bopunte, ietwat 
skerpere onderpunte en met 'n geringe litteken waar hulle aan die konidiofore 
vas was. Die oorgrote meerderheid van die conidia wat op nog lewende blare 
gedurende die somer gevorm word, is tweesellig (79%), terwyl 11% eensellig, 
6% driesellig en 4% viersellig is. Die conidia is ligrokerig-pbruin van kleur, glad 
en meestal betreklik sterk ingegord by die tussenwande (Tllustrasie 16). 


Op die blare wat gedurende die winter versamel is, is die ou sporodochia 
sigbaar as klein, swart puisies, die weefsels waarvan dan ietwat pseudoparengi- 
maties is. Hulle is soms ronde, selfs byna sklerotiese eenhede, 51.1 - 86.8 x 46.0 - 
61.24, met 'n buitelaag wat donkerbruin en dikmurig is, en 'n binnelaag wat ligter 
van kleur is. As die ou blare onder droë toestande verkeer het, is die konidiofore 
rustend en soms afgebreek. As sulke blare egter onder klam toestande en by 'n 
geskikte temperatuur gehou word, herleef die ou konidiofore en begin weer binne 
43 uur conidia aan hulle bopunte te vorm. Verskeie nuwe konidiofore spruit 
verder uit die subiculum en dra mettertyd ook 'n oes conidia solank die klam 
toestande duur. Die konidiofore is dan heelwat meer gebuigd en losser van 
mekaar as gedurende die somermaande en is aan hulle basisse betreklik 
donkerbruin van kleur, maar ligter rokerigbruin na die bopunt toe (Illustrasie 5). 
Die bopunte van die ouere konidiofore is vratterig gemerk deur die verskeie 
spoorlittekens wat hierop agtergelaat is (THustrasie 138). Hiertydens kom dit soms 
voor dat meer as een conidium gelyktydig maar op verskillende plekke aan die 
bopunt van. dieselfde konidiofoor gedra word. 


Die conidia, wat na `n benatting van die ou blare gevorm word, is soms 
talryker as die gedurende die groeiseisoen op lewende blare. Dit is egter 
opvallend dat die verhouding van meersellige tot een- en tweesellige spore 
gedurende die winter ook aansienlik groter is as gedurende die somer. Van die 
spore is dan 3% eensellig, 46% tweesellig, 35% driesellig, 13% viersellig en 2% 
vyfsellig. Die vorm van hierdie spore is oor die algemeen dieselfde as die wat 
vroeër in die seisoen gevorm is (Illustrasie 16). 


Die groottes van die verskillende conidium-groepe is as volg:— 


t-sellig : 10.8 - 94 Xx 50 - 9.4, gemiddeld 18.1 x 6.9u. 


2-sellig : 10.8 - 39.6 Xx 5.8 - 9.1u 26.3 Xx T.0u. 
a-sellig.: 21.9 - BAT7 X B8 - 101u s 383 X 7.1u. 
4-sellig : 23.0 - 612 x 64 - 9.8u j 42.3 X T8u. 
5-sellig : 482 - 582 X 70 - 86u s 90.1 Xx 7.8. 
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Die lengtes en breedtes van die spore wat in al hierdie septasiegroepe val 
is 108 - 612 & 50 . 10.14, met `n algemene gemiddelde van 31.84 lank en 
73u breed. 


Wanneer die conidia ontkiem is dit die onderste sel wat eerste 'n kiembuis 
uitstoot, gevolg deur die sel aan die bopunt (Tlustrasie 17). Hierdie kiembuise 
ontwikkel in `n swamdraadweefsel van die swam. 


ILLUSTRASIES 5 EN 6. 


(5) 'n Enkele sporodochium van Exosporium sultanae die basis waarvan pseudo- 
parengimaties is en waaruit die breërige, bruin konidiofore van die Swam 
parallel uitstaan. 


(6) Die gryserige, gekartelde, verhewe, stadige groeiwyse van Exosporium sultanae 
op vleisagar. 


Kultuureienskappe: 


Enkelspoorkulture van die swam ontwikkel besonder stadig op kunsmatige 
voedingsbodems en veral op vleisagarmedium. Hierop bereik die mycelium-pak 
eers na twee maande 'n deursnee van drie millimeter. Op gesteriliseerde aartappel- 
stukkies, pynappelagarmedium en op Conn se medium-75-agar bereik die swam- 
kolonie 'n deursnee van vier tot sewe millimeter na twee maande, terwyl dit op 
aartappelagar die beste groei en tot twaalf millimeter groot word. Die mycelium- 
massa is op al hierdie media in Petri-bakkies, sowel as in skuinskulture verhewe, 
knopperig, geplooid, donker gryserig tot olyfgroen van kleur en geneig om bo-op 
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'n korrelrige bedekking te ontwikkel (TMlustrasie 6). In sommige dele van die 
kulture word soms 'n neiging openbaar om 'n wit, wollerige lug-mycelium selfs 
po-oor die donker onderlaag te vorm. Spoorvorming was in al die gevalle besonder 
skraal en die conidia is direk aan die mycelium gedra sonder dat definitiewe 
sporodochia gevorm is. Selfs op ou wingerdblare, gesteriliseer en in toetsbuisies, 
was die groei van die swam maar uiters stadig, hoewel die spoorvorming hierop 
ietwat beter was. 


Nadat die swam vir vier en `n half maande op die verskillende kunsmatige 
voedingsbodems gegroei het, het die uiterlike voorkoms van die kulture nie veel 
verander nie, as behalwe dat die mycelium-ophoping op die aartappelstukkies 
tot so `n mate geskied het dat 'n regopstaande, halfkoppievormige struktuur 
met konsentriese ophopingslae tot 7.5 mm. bokant die ou kultuur uitgestaan het. 
Conidia was toe redelik volop, maar in geen geval kon opgemerk word dat 
hulle op tipiese sporodochia gedra word nie. 


ILLUSTRASIE 'T. 


Die bokant van `n Sultamnablaar wat Tedelik erg met 
roetdou besmet is. Hierin word die vergeling en die bruim- 
wording van die sentrale vlekgedeelte aangetoon. 
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Die mycelium wat in kultuur ontwikkel het, was tweërlei van aard. Die 
oorgrote meerderheid van swamdrade het bestaan uit 'n digte samevoeging van 
'n aantal uiters onreëlmatige, dikmurige en donkerbruingekleurde selle. Hier- 
tussen kon ligter bruin, egale, maar baie dunner swamdrade waargeneem word 


(TIlustrasie 14). 


ILLUSTRASIE 8. 


Enkele groot primêre roetdouvlekke op `n Sultama- 
' blaar met heelwat sekondêre vlekke wat vanaf die 
primêre vlekke besmet is en veral geleë is in die rigting 

van die blaarpunt wat afgehang het. 
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ILLUSTRASIE 9, 


'n Sulitanablaar van die onderkamt gesien wat 
swaar besmet is met die roetdouswam. 


ILLUSTRASIE 10. 


knkele lensvormige siektevlekke op lote wat op die grond langs onder besmette 
stokke deur Exosporium sultanae besmet is. 
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ILLUSTRASIES 11 EN 12. 


'n Min of meer natuurlike grootte van roetdouvlekke soos gesien van die bokant en 
onderkant van Suitanablare respektiewelik. 


Parasitisme: 


Lote en blare van Sultanastokkies wat in potte geplant is, is op 12.10.1943 
op Stellenbosch besmet met enkelspoorkulture van die swam, wat op 1.9.1943 
isoleer is uit ou blare afkomstig van Upington. Die jong lootjies van hierdie 
stokke was toe ongeveer drie duim lank. Hulle is onder klam toestande vir 
96 uur gehou onder klokglase. Na veertien dae was daar nog niks sigbaar op die 
lote of op die blare wat aan die bo- of onderkant besmet is nie. Waar die plante 
toegedek gehou is vir 120 uur of langer het volop besmettings sigbaar begin word 
agtien dae nadat blare aan hulle onderkant met die swam inokuleer is. Hierdie 
vlekke was tipies soos dié wat in die wingerde opgemerk is en vanaf die begin 
van Desember 1943 het die ergsbesmette blare begin afval. Alleen 'n paar vlekke 
het ontwikkel op blare wat net aan die bokant met die swam besmet was; maar 
geen tekens van die siekte kon selfs op die beskadigde lote waargeneem word nie. 
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ILLUSTRASIE 13. 


Afsonderlike konidiofoorkoppe aanmtonende die onreëlmatige vorm, die spoorlit- 
tekens en `n conidium tydens vorming. 


ILLUSTRASIE 14. 


Onreëlmatige, sterk ingegorde, korrelagtige, donkerbruin swamdrade van Exos- 
porium. sultanae met die ligter gekleurde, reëlmatige swamdrade soos gevorm 
op agarmedia. 
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ILLUSTRASIE 15. 


Halfsklerotiese sporodochiad ma oorwintering van Exosporium sultanae op Ou besmette 
Sultanablare met `n nuwe drag van konidiofore en conidia ma benatting vir 36 Uur. 


ILLUSTRASIE 16. 


Verskeie tipes conidia van Exosporium sultanae SOOS aangetref op nog lewende en op 
dooie wingerdblare, 
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ILLUSTRASIE 17. 


Ontkiemende conidia van Exosporium sultanae na inkubering vir 43 uur by verskil- 
lende temperature. 
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Invloed van Temperatuur: 


Ou besmette blare is gedurende Augustus 1943 op Upington versamel. Hierdie 
blare is in die laboratorium op Stellenbosch aangeklam en in 'n aantal gesterili- 
seerde Petri-bakkies geplaas, op die bodem van elk waarvan 'n gesteriliseerde, 
klam kladpapier geplaas is. Verskeie van die bakkies, elk met so 'n wingerdblaar, 
is geplaas in broeikaste of koelkaste wat ingestel is op 97.5“C, 92*C, 15.5“%C, 
5.5*“C en 1*C. Reeds op die vierde dag kon 'n aansienlike verskil waargeneem 
word tussen die gedrag van die sporodochia op hierdie blare. (Conidia was toe 
besonder welig op blare wat by 15.5“C en 92% gehou was, terwyl hulle heelwat 
minder was op blare wat. by 271.5“C gehou was. BY 5.5“C was die verdere 
ontwikkeling van die sporodochia maar swak. Nadat die blare sewe dae by 
1*C en 5.5*C gehou was, was die sporodochia verhewe, die konidiofore' ietwat 
verleng, maar geen spore was toe nog gevorm nie. Op hierdie tydstip was die 
sporulasie by 22*C ietwat weliger as by 15.5C, maar by 27.5“C was die fiuweel- 
agtigheid en spoormassas duidelik swakker as by 22%. Dit is toe verder 
opgemerk dat die konidiofore op materiaal wat by 27.5“ gehou is, 'n neiging 
toon om hulle conidia in kettings van twee of drie uit te stoot. Hierdie kettings 
was egter besonder los en die spore het met beweging gou weg van mekaar geval. 


Omdat die swam so stadig in kultuur groei, kon die invloed van die 
temperatuur op kolonie-uitbreiding moeilik bepaal word. Dit is derhalwe besluit 
om hierdie invloed te bepaal deur die ontkiemingsvermcé vin conidia en die 
groeisnelheid van hulle kiembuise by verskillende temperature na te gaan. Ou 
besmette blare wat gedurende Augustus 1943 op Upington versamel is, is vir 
72 uur onder klam toestande by 15.5% geplaas. Druppels van 'n suspensie van 
hierdie nuutgevormde spore is op 1.9.19438 oorgeplaas in glasringetjies, 'n aantal 
waarvan geplaas is in elk van 'n aantal broeikaste of koelkaste wat ingestel is 
vir verskillende temperature. Die persentasie spoorontkieming en die gemiddelde 
lengtes van die ontkiemingsbuise is bepaal na inkubasieperiodes van 24 en 43 uur. 
Hierdie gegewens is opgestel in Tabel T. 


TABEL T. 


Die persentasie van conidia en die lengte van die kiembuise na inkubasie vir 24-43 uur 
by verskillende temperature. 


Na 24 uur. Na 438 uur. 

Temperatuur Maak dee med od Ek Hou 
(@) Persentasie, Kiembuis Persentasie Kiembuis. 
Ontkieming. Lengte ( u) Ontkieming. Lengte ( u) 

28 0-1 AE) 0-1 | ED) 

35 99-9 49-0 100 61-2 

30 100 84-2 100 119-7 

25 100 91-3 100 992-4 

20 100 1168 | 100 296-8 

15 100 14:4 100 2688 

5 97 19-9 100 71-9 

I 26 1:5 100 35-7 

EE, N sk we ee ee ee ee ee ee 


Nadat die spore vir 43 uur inkubeer is, is verteenwoordigende spore by elke 
temperatuur met hulle kiembuise geteken en grafies gerangskik soos in 
T1lustrasie i7 aangedul. 


Van die bostaande proewe is dit duidelik dat die optimale temperatuurvereiste 
van hierdie swam beide vir sporulasie op ou besmette materiaal en vir die 
ontkieming van die spore tussen 15%C en 20*C lê, en dat die ontwikkeling van 
die swam redelik swak is by temperature bokant 25%. 


Benaming: 


Clements en Shear (1931) stel voor dat 'n lengte- tot breedte-verhouding van 
conidia van tussen 20 tot 1 en 10 tot 1 die aangewese skeiding behoort te vorm 
tussen die Phragmosporae- en die Scolecosporae-spoortipes, d.w.s. tussen die 
gewone meersellige en die draadvormige spoortipes. Aangesien die lengte- tot 
breedte-verhouding van conidia van die Suid-Afrikaanse swam nooit 7 tot 1 
oorskry nie, kan die swam hiervolgens dus nie onder die Scolecosporae van enige 
van die families van die Moniliales ingedeel word nie; en dus ook nie as behorende 
tot die geslag Cercospora beskou word nie. 


By die bepaling van die genus-identiteit van die swam het die vraag ontstaan 
of die sogenaamde sporodochia wel tipies sporodochia is, soos wat kenmerkend 
is vir die swamme wat onder die familie Tuberculariaceae van die Moniliales 
geplaas word, dan wel of hierdie spoorkussings net 'n saamgroepering is van 
konidiofore met 'n gemeenskaplike subiculum (Stevens 1913). Indien die 
sienswyse gehuldig sou word dat die vrugligegame, soos hierbo beskrywe, 
sporodochia is, dan moet hierdie swam, met sy gekleurde meersellige spore wat 
meestal enkeld aan die punte van konidiofore gedra word, beskou word as 
behorende tot die geslag EzZOSDOTiUm. 


As die konidiofoorstruktuur alleen maar as `n dig-saamgebundelde pak van 
draers en nie as 'n spoorkussing beskou word nie, dan moet die swam geplaas 
word onder die geslag (Cercosporidium van die familie Dematiaceae. 


'n Noukeurige ondersoek van jong ontwikkelde spoorvrugte en van dié wat 
op lewende sowel as afgevalde blare voorkom, het die skrywer oortuig dat die 
Spoorvrugte van die swam as 'n sporodochium beskou moet word en dat die 
swam dus as behorende tot die geslag Erosporium beskou moet word. 


Savulescu en Rayss (1935) het egter 'n swam op wingerdblare beskrywe onder 
die naam van Cercospora leoni, Sav. & Rayss, wat 'n mate van ooreenstemming 
toon met die Suid-Afrikaanse swam. Hulle beskrywing, soos weergegee in Review 
of Applied Mycology, is as volg: ,,The rigid, brownish, non-septate conidiophores 
measure 19-35 Xx 4-6u, are arranged in faseicles 4#5-185u in diameter by 
60 - 76u high, with a tubercular, stromatic, colourless subiculum. The vermiculate, 
straight or curved olivaceous, solitary, continuous, later 1 - 2 septate, occasionally 
3-septate conidia measure 18 - 40 X 65 - TR 


Die tipe van blaarvlekke wat deur Cercospora leoni veroorsaak word is egter 
beskrywe om onreëlmatig en hoekig te wees, en sy conidia word vermeld om 
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wurmagtig te wees, ten opsigte van beide waarvan die Suid-Afrikaanse swam 
duidelik verskil van die swam wat deur Savulescu en Rayss beskrywe is. 


Verder beskrywe von Thiimen (1878) Ezosporium Badhami, Bwd. van materiaal 
wat deur Auerswald versamel is. Die siektetekens wat deur hierdie swam 
veroorsaak word verskil egter geheelenal van dié soos in Suid-Afrika aangetref. 
Volgens hom veroorsaak Ezosporium BaAdhami aan die bokant van die blare 'n 
aantal skerp omlynde, rokerige persbruin vlekke wat in die middel helder var 
kleur is. Aan die onderkant is die vlekke kleiner, onreëlmatig en helderbruin 
van kleur. Hulle is hier ook duidelik omlynd met 'n helder, verhewe ring. Ook 
die eienskappe van die swam soos hy dit beskrywe verskil duidelik van dié van 
die Suid-Afrikaanse swam. Die perithecia van die swam kom volgens von Thiimen 
in die middelste uitgedroogde deel van die vlekke voor, is swart, baie klein en 
besit aan die boonste gedeelte kort, stekelrige drade. Die spore is gesteeld, 
meersellig, maar nie ingegord by die dwarsmure nie. Hulle is helderbruin 
16 - 18u lank en 6 - Bu breed. 


Saccardo (1884) beskou die benaming Ezosporium Badhami, AwWs. as sinoniem 
met Septoria Badhami B. & Br. maar betwyfel die werklike plasing van die 
swam soos deur von Thiimen voorgestel en opper die vraag of hierdie swam nie 
miskien tot die geslag Cercospora behoort nie. 


Dit is dus duidelik dat die Suid-Afrikaanse swam in verskeie belangrike 
opsigte verskil van enige van hierdie beskryfde swamme. Dit word dus voorgestel 
dat dié swam as 'n nuwe soort van die geslag Erosporium beskou word en dat 
dit die naam EzOSporium Sultanae nov. spec. sal ontvang, 'n diagnotiese 
beskrywing waarvan hieronder weergegee word: 


,Maculis primitus hypophyllis, minutis, plus minusve circularibus, velutinis, 
fuliginibusgue, fuscis, olivaceo-brunneis, effusis, matricis pallescentibus, flavido- 
Vviridibus vel fiavus, demum amphigenis, in foliorum pagina superiore centris 
rotundato-angulatis, brunneis, exaridis, cinctis zonis velutinis; sporodochiis 
hypophyllis, abundantibus, sparse gregariis confluentibusdgue, primitus subepi- 
dermatis, demum erumpentibus, circularibus pulvinatisgue, applanatis vel 
subconflatis, 30 - 120, diam., subiculis in foliis vinis plectenchymatis, in foliis 
putrescentibus pseudoparenchymatis, fuscis, subglobosis, 51.1 - 86.8 x 46.0 - 61.2u; 
condiophoris rTigidis, elongato-clavatis, fumoso-fuscis, simplicibus, rectis vel 
subgeniculatis, primitus continuis, dein mono-vel duo-septatis, apice horrido- 
ventricosis, cum plures hila sporica, in foliis vivis dense-fasciculatis, in foliis 
putrescentibus laxius dispositis, 16.0 -292 Xx 5.0 -T7.3u; conidlis elongato- 
cylindraceis vel subfusoideis, apice rotundatis, basi papillulatis, acrogenis, 
laevibus, pallide fumoso-brunneis, 0 - 4 septatis, ad septa constrictis; 


continuis 108 - 27.4 x 6.0 - .9.44 med. 18 dee 6.9u, 


1-septatis 10.8 - 39.6 x 5.8 - 9lu , 263 x 170m, 
2-septatis 219 - 54.7 x 5.8 - 10.1u , 383 X Tu, 
3-septatis - 23.0 - 612 Xx 64 - 98u ., 423 x T8u 
4-septatis 482 - 53.0 X 7.0 - B86u ., 501 XTAu, 
mediocribus 10.8 - 612 x 50 - 101. dB Tes 
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in Cultura myceliis vel irregularibus, nodosis, latis, ad septa forte constrictis, 
atro-brunneis, vel laevibus, tenuibus, hyalino-brunneis; auctione tardissima, 
hyalina vel griseo-brunnea, elevata, plicata. Hab. in foliis vivis putrescentibusdue, 
rarius in ramulis, Vitis viniferae, Africae australis.” 


ONTWIKKELING VAN DIE SIEKTE. 


Dit is reeds gemeld dat 'n aansienlike aantal van die verrottende wingerdblare 
op die grond in besmette wingerde gedurende die winter talryke sporodochia 
van die swam dra en dat hierdie sporodochia gedurende Augustus 1943 na 'n 
benattingspericde van 48 uur talryke conidia van die siekteveroorsakende swam 
gevorm het. 


Op 80.9.1943 is 'n suspensie van conidia voorberei van blare wat vooraf vir 
48 uur onder klam toestande by wisselende kamertemperatuur gehou is. Die 
blare aan jong lote van Sultanastokke is op die Upingtonse proefplaas deeglik 
aan die onder- en bokant met die suspensie benat en vir 120 uur klam gehou 
deur vrugtefiesse cor hulle omgekeer te hou. Daarna is hierdie lote blootgestel 
aan die gewone wingerdtoestande. 'Toe die proefplaas weer op 20 November 
1943 besoek is, is bevind dat die blare van die inokuleerde lote in die ergste mate 
met die siekte besmet is, terwyl die blare van die naburige stokke nog heeltemal 
vry was van die siekte. Op 'n noukeurige soektog wat op 26 November 1943 
deur hierdie wingerde onderneem is, is net twee Sultanablare in die ander stokke 
gevind op elk waarvan `n Erosporium-vlek sigbaar was. 


Hierdie bevindinge toon eerstens dat die swam wel in staat is om op ou 
verrottende blare te oorwinter en selfs te floreer en dat besmettings minstens 
vanaf die einde van September moontlik is, as die benattingsperiode voldoende is. 


Die wyse waarop die siekte gedurende die voorjaar hom vestig op die stokke 
dui ook duidelik aan dat die dooie blare as die grootste bron vir die vroeë 
besmettings dien. Al die primêre besmettings word gevind op die blare wat 
Of op die grond 1ê Of naby die grondoppervlakte onder die stokke in gedra word. 
Hierdie primêre vlekke is gewoonlik min en word nie maklik raakgesien, tensy 
noukeurige ondersoek hierna ingestel word nie. Sporulasie is welig op hulle en, 
na die hieropvolgende benattingsperiode kan dit opgemerk word dat 'n menigte 
jong vlekkies ontwikkel op dieselfde blaar in die nabyheid van die ouere vlekke, 
Meestal is die digste versameling van sekondêre vlekke te vind in die afwaartse 
rigting vanaf die primêre vlekke wat aanduidend is van die vervoer van spore 
deur vog tydens die benattingsperiode (Illustrasie 8). Gelyktydig met die 
ontwikkeling van die genoemde vlekke kan 'n aansienlike uitbreiding van die 
siekte waargeneem word op ander blare in die nabyheid van die blare met die 
oudste vlekke. 


Die grootste getal primêre vlekke word gewoonlik gevind op stokke wat 
omgewe is van 'n digte groei van onkruid, meestal gras, wat die verrottende. 
blare op die grond beskerm teen uitdroging en ook die afdroging van die onderste 
groen blare aan die stokke vir lang tye vertraag (Tlustrasie 4). Die blare wat 
die vroegste met die siekte besmet raak, is dan ook dié wat die eerste afval as 
gevolg van baie swaar besmettings. 
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In die inleidende opmerkings is dit reeds gemeld dat die, siekte besonder 
sporadies voorkom. Gegewens oor die temperatuur en reënval kon net vir 
Upington verkry word. In 'n oorsig oor eersgenoemde kon geen duidelike verskil 
tussen die temperature van die verskillende seisoene opgemerk word waaraan 
die skerp verskille in voorkoms van die siekte gewyt kon word nie. Die reënval- 
gegewens toon egter dat daar aansienlike verskille in reënval van die verskillende 
seisoene voorkom, verskille wat sterk weerspieël word in die voorkoms van die 
siekte. Die gegewens oor reënval word derhalwe vir die verskillende seisoene 
in Tabel II aangegee vir die groeimaande, d.w.s. vanaf Augustus tot April, en 
saam met die mate van voorkoms van die siekte. 


TABEL ITI. 


Gegewens oor die maandelikse gemiddelde reënval op Upington gedurende die maande 
Augustus tot April vanaf die 1940—I1941 tot die 1944—1945 seisoen, en die voorkoms van 
die roetdousiekte. 


Maandelikse reënval (duime) gedurende seisoene. 
Maand. EE EE EER EE - ERA - 
1940—41 | 1941—49 | 1949-48 | 1948-44 | 1944-45 | 194546 
— —— - — —EEER —— ———AN—— —— ” EE EE ie) 
Augustus ... 0-00 0-00 0-00 |. od loog | Nie beskikbaar 
September 1-62 0-09 0-56 000 0-00 nie, maar. oor 
Oktoker 0-00 0-02 DE gt 0-20 097 die algemeen 
November... 1-54 0-02 0-24 47 0-00  | bestempel as 
Desember ... 0-31 0-00 Id] 1:58 0-00 besonder droog 
Januarie 4:38 0-13 0-48 0-14 82 veral gedurende 
Februarie ... 3-67 8.12 0-53 1:69 0-15 Oktober tot 
Maart 0-00 349 ea 1:79 3-11 | Desember. 
April 0-21 0-89 SE 0-00 si 
Die Siekte erg (a) baie min erg (b) '| matig erg | baie min baie min 
(a) (by) (be (0) 


(a) Beperk tot Buchubergstreek. 


(b) Versprei vanaf Buchuberg tot by Kakamas, 
Ladismith. 


(ce) Ook vermeld vanuit die distrik Worcester. 


ook in Vredendal en 


Dit is uit die voorgaande duidelik dat die reënval gedurende die maande 
September tot Desember die voorkoms van die siekte in hierdie streke sterk 
beinvloed. Hoewel dit oorspronklik aan die skrywer meegedeel is dat die siekte 
eers vanaf Desember sy verskyning maak, het latere ondersoek aan die lig gebring 
dat die primêre vlekke reeds omstreeks die helfte van November kan voorkom. 
Afleidende van die bepaling van die inkubasieperiode vir die siekte, moes hierdie 
besmettings gedurende die latere gedeeltes van Oktober plaasgevind het. Voor- 
vermelde besmettingsproewe het dan ook getoon dat Sultanablare in wingerde 
op Upington gedurende 1943-1944 selfs aan die begin van Oktober kon plaasvind 
as die benattingsperiode net voldoende is. 
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Is die reënval gedurende Oktober betreklik hoog, dan is die primêre 
besmettings volop en bestaan daar dan gevaar dat die verdere besmettings so 
vinnig hierop toeneem, dat die aangetaste blare val nog voordat die oes gepluk 
kan word, soos ook gedurende die 1942-1943-seisoen gebeur het. As die primêre 
besmettings minder is as gevolg van 'n lae reënval gedurende Oktober, kan die 
siekte met betreklik hoë reënval gedurende November en Desember redelik 
vinnig uitbrei; maar die blaarval geskied dan gewoonlik eers na die oestyd, soos 
met die 1943-1944-seisoen die geval was. Redelik droë voorjaarsmaande 
verhinder dat die siekte in enige ernstige mate in die wingerde kan vestig. 


Dit dien verder genoem te word dat die siekte in die wingerde aan die 
oostekant van Upington, d.w.s. dié in die nabyheid van Buchuberg, geneig is 
Oom vroeër met die siekte besmet te raak as dié in die nabyheid van Upington. 
In die westelike rigting, d.w.s. nader na Kakamas, word die wingerde nog later” 
aangetas. Weens die gebrek aan reënvalgegewens op Buchuberg en Kakamas 
kon die rede hiervoor ongelukkig nie bepaal word nie. Dit word egter vermoed 
dat die streke in die omgewing van Buchuberg hulle eerste reëns eerder en 
swaarder kry, as dié laer af langs die Oranjerivier. 


Die skrywer beskik oor min gegewens oor die ontwikkeling van die siekte 
in die Vredendalstreek; maar, te oordeel na die algemene reënvalverspreiding, 
wil dit voorkom of hierdie streek moontlik onderhewig kan wees aan vroeër 
besmettings as langs die Oranjerivier en of hierdie wingerde in groter gevaar 
Vir vroeër en swaar besmettings kan verkeer. (Geen oordeel kan op hierdie 
stadium oor die besmettingsmoontlikhede van die Sultanawingerde in Ladismith 
en Worcester uitgespreek word nie; maar daar is alle aanduidings dat die siekte 
in die toekoms in Worcester en in Robertson, as dit hiernatoe versprei, hier die 
oorsaak kan wees van selfs nog gevoeliger verliese van Sultanas as in die ander 
streke. 


INVLOED VAN BEMESTING. 


'n Bemestingsproef is gedurende 1941 op die proefplaas te Upington aangelê 
met Sultanastokke wat toe drie jaar oud was. Die stokke is vyf voet vanmekaar 
geplant op sanderige spoelgrond in rye wat sewe voet vanmekaar Joop en is 
regop opgelei op draad. Die bemestingspersele beslaan elk drie rye, die 
behandelings is gewissel volgens die dubbel-beperkte perseelsisteem  (doubly 
restricted block system) en elke behandeling is viermaal herhaal. Die eerste 
bemestingstoedienings het geskied gedurende Augustus 1941 en is jaarliks daarna 
gedurende dieselfde maand herhaal. Die volgende misstowwe is ingebring: 


P - 400 pond superfosfaat per morg; 
K - 200 pond kaliumsulfaat per morg; 
N - 200 pond ammoniumsulfaat per morg; 


N, - 200 pond ammoniumsulfaat per morg, waarvan 100 pond ingebring is 
dertig dae ns, die botdatum:; 


Ca- 1 ton landboukalk per morg. 


Gedurende Januarie 1944, is dit bevind dat ook hierdie gedeelte van die 
wingerde deurgaans en redelik erg besmet was met EzOSporium en gegewens is 
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dus op 14.1.1944 versamel oor die besmetting van die stokke wat onder elk van 
die bemestingsbehandelings gekweek word. Hiervoor is alleen vyf stokke in die 
middelste ry van elke perseel aan albei kante gemonster. Vyftig blare is van 
elke sykant en op verskillende hoogtes onbevooroordeeld gepluk, gegroepeer in 
vier klasse volgens graad van besmetting en die getal blare in elke groep bepaal. 
'n Aantal blare is uit elke groep geneem en die totale aantal vlekke sorgvuldig 
getel. Die klaswaarde vir elke groep is bepaal deur die gemiddelde getal vlekke 
per blaar van elke groep te bepaal en was as volg: 


min - 38, matig - 80 en erg 280. 


Hiervan kon die persentasie besmette blare per behandeling en die totale getal 
blaarvlekke op die honderd gemonsterde blare van elke perseel bereken word. 
Hierdie gegewens word in die onderstaande tabel aangegee. 


TABEL III. 


Roetcouvlekke op blare van Sultanastokke op die Proefplaas, Upington, en wat ver- 
skillende bemestingstoedienings ontvang het. 


 exsonkasie Persentasie blare besmet Getal vlekke 
(5) blare op 100 ge- 
Bemesting gesond. - — - monsterdo 
Min. Matig. Lorg. blare. 
PK N. 36-9 30-5 93-0 10-8 2489 
PK Ca sd) 28-9 47:0” 19-3 4:8” | 1538 
PKM by 97:9 98:5 93-0 113 9966 
PEMOR Vos 34-7 38-0 1958 7-5 2967 
EEMN as 34-8 49-8 1e: 6E EE 1636 
PEMNCa ... 46-1 41-8 9.3 BERE 793 
PEMNZ os 39:6 35-8 93:5 S-1 EP) 
PKMN,Ca ... 98:3 46-3 18:8 7-1 1986 
PM Es 39-7 41:0 15:8 4-0 19214 
PMCa op 39-9 46:0 16-0 6G-S 1788 
PMN AR 40:9 35:5 16:5 7-8 | 1902 
PMNOa  ... 30-7 49-0 17-0 EE 1152 
PMN, N. br 49-3 11:8, Bg 1840 
PMN,Ca ... 39-4 40:5 83, 2-8 1139 
KM is 36-6 38:8 19:5 7-1 2001 
KMCa ” 33-1 45:8 13:5 7:6 2649 
KMN ks 44:9 36-8 11:5 6-8 1835 
KMNOa  ... 31:0 98:5 25:5 BED 1801 
KMN;, n 96-7 45:5 20:5 TES ed 1912 
KMN,Ca ... 33-4 36:5 24-0 6-1 2090 


AE ER LN EA ES N NR IE MEN 
(*) Sien teks. 
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Die gegewens wat hierbo aangegee is gee betreklik min aanduiding dat 
enigeen van die bemestingstowwe wat hier gebruik is, die weerstand van stokke 
teen besmetting met EzoSporium enigsins verhoog het. Die aantal vlekke op 
blare van stokke wat die vol bemestingsprogram (PKMNCa) ontvang het, was 
aansienlik laer as dié op ander stokke; maar die geringe invloed van enige van 
hierdie bemestingstowwe op die siekte in die res van die proef maak dit twyfel- 
agtig of te veel waarde aan die hierbostaande verskil geheg moet word. Dit is 
in alle geval duidelik dat, indien hierdie bemestingstowwe op hierdie tipe 
alluviale grond enige invloed op die weerstand van Sultanastokke het, dié 
invloed alleen maar van getinge omvang kan wees, altans nie soveel as om enige 
aanbeveling in hierdie verband te regverdig nie. 


BESTRYDINGSMAATREËLS. 


Na die voorkoms van die siekte in die Buchubergstreek gedurende die 
1940-1941-seisoen, is `n proef uitgelê in die erg besmette wingerd gedurende die 
1941-1942-seisoen. Besmetting was toe egter so lig dat geen betroubare gegewens 
gedurende hierdie seisoen verkry kon word nie. Eers na die semi-epidemiese 
uitbreek van die siekte gedurende die 1942-1943-seisoen is uitgebreide proewe 
vanaf die winter van 1943 weer uitgelê op die proefplaas te Upington en in 'n . 
Sultanawingerd op Kakamas. Hierdeur is getrag om. die vergelykende waarde 
van verskillende swamdoders vas te stel teen die siekte, asook om verskeie aspekte 
in verband met die bestryding van die siekte nader te ondersoek. 


Die wingerd wat op Upington gebruik is, was toe ses jaar oud, geplant 5 by 7 
voet op sanderige, alluwiale grond, gekweek onder besproeiing en opgelei op drie 
drade bomekaar. Die stokke in die proefwingerd op Kakamas was 5 by 5 voet 
geplant ook op sanderige, alluwiale grond en onder besproeiing gekweek. Hierdie 
stokke was toe sowat sewe jaar oud en opgelei volgens die mandjiesisteem. In 
die eersgenoemde wingerd het elke perseel bestaan uit drie stokke in 'n my en 
op Kakamas was daar twee stokke in elke perseel. Behalwe in die evaluasie- 
proewe, is die behandelings op die proefblokke in elke afsonderlike proef herhaal 
volgens die Latynse Vierkant Sisteem, waarin die getal herhalings net soveel 
was as die getal behandelings wat in die afsonderlike proef ingesluit is. Die 
behandelingsreekse van die evaluasieproewe is gelykkansig versprei oor `'n 
vierkant proefblok (randomized block system). 


Die persele op Upington wat aangemerk was om gedurende die winter bespuit 
te word, is op 17 Augustus 1943, dit wil sê nadat die wingerd gesnoei was, deeglik 
en van alle kante bespuit met die bepaalde swamdoders. Hiervoor is 'n ,Gobet 
Excelsior”-rugsakspuitpomp gebruik. Ten tye van hierdie bespuiting was die ogies 
reeds aan die uitswel, maar geeneen van hulle was toe al oop nie. Die blouvitrioel 
was 'n gewone kommersiële produk en is gebruik teen 'n sterkte van een pond 
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opgelos in twee gellings water. Die kalkswawel was 'n ,Capex”-produk bevat- 
tende 39% polisulfiedswawel en 11% kalsium. 


Die somerbehandelings is cp die voorafbepaalde persele toegedien op drie of 
meer van die volgende tye: 30.9.1943, 20.10.1943 en 29.11.1943; 14.19.1943, 10.1.1944. 
27.1.1944 en 18.2.1944. 


Die volgende swamdoders is in hierdie proefbehandelings ingesluit: 


Koperkalkstof (Capex) bevattende 3.7% metaalkoper, 56% kalsium (bereken 
as kalsiumoksied) en nie meer as 15% onaktiewe stowwe nie. 


Koperswawelstof (Capex) met 20% koperkarbonaat, 40% gemaalde swawel 
en 40% klei-aarde (China clay). 


Swawel (Lightning) met 'n swawelinhoud van 99%. 


Bogenoemde stowwe is gebruik vir bestuiwings en is toegedien met 'n ,Vulkaan”- 
stuifmasjien en tot so 'n mate dat soveel as moontlik van die blare egaal bedek 
is met 'n dun lagie van die stof. Die bestuiwings is almal van beide kante van 
die rye uitgevoer. Bordeaux-mengsel wat gebruik is vir sekere bespuitings is 
berei deur die menging van verdunde oplossing van fyn blouvitrioel (Copper 
sulphate snow), met dié van vars kalsiumhidraat (Chemical lime) sodat `n 
samestelling van 4:4:50 verkry is. ,Copper Hydro Sun Brand” is as spuitstof 
gebruik teen `n sterkte van 24 pond in 100 gellings water. Die ,,Vigroside” is 
'n sink-swawelpreparaat bevattende 22.5% kolloidale sinkhidrosulfied en 30.0% 
kolloidale swawel. Hierdie spuitmiddel is toegedien teen 'n sterkte van 8 pond 
in 100 gellings water. Vir al hierdie behandelings is dae uitgesoek wat so geskik 
moontlik was, dit wil sê, sonnige, redelike stil dae. 


Die siekte was op 22 November 1943 reeds sigbaar op 'n paar blare op stokke 
wat buite die proefpersele geleë was; maar op die proefpersele self kon toe 
nog geen tekens van die siekte bespeur word nie. Die roetdou was toe egter 
reeds taamlik uitgebreid in wingerde verder oos, dit wil sê in die rigting van 
Buchuberg. 


Die gegewens omtrent die voorkoms van die siekte in die proefpersele is vir 
die eerste maal op 8 Januarie 1944 en die hieropvolgende dae op Upington 
ingewin. Hoewel die verskille tussen die verskillende behandelings toe reeds 
duidelik was, was besmetting toe nog betreklik lig. Die finale lesings oor die 
besmetting van behandelde en onbehandelde stokke is op 31 Maart 1944 en 
die hieropvolgende dae ingewin. Dié gegewens is verkry soos verduidelik met 
die bespreking van die bemestingsproef. 


Die gegewens wat van hierdie proefpersele ingewin is word in die hierop- 
` volgende tabelle aangegee: 
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In die twee proewe, die resultate waarvan vervat is in Tabelle VI en VII is 
die doeltreffendheid van `'n aantal swamdoders vergelyk. Kalkswawel en 
blouvitrioel is teen wintersterkte net eenmaal toegedien aan die onderskeie 
proefpersele op 18 Augustus 1943, sommige waarvan 'n verdere drie behandelings 
met koperswawel ontvang het gedurende die groeiseisoen, dit wil sê op 92.11.1943, 
14.12.1943 en 10.1.1944. Ander persele is elk behandel met verskillende swam- 
doders sonder dat hulle vooraf 'n winterbespuiting ontvang het. 


TABEL VII. 


Die besmetting van Sultanablare met Erosporium Ssultamae op 29.3.1944 na behandeling 
gedurende die groeiseisoen van 1943—1944 met verskeie swamdoders. 


Persentasie | Persentasie blare besmet | Getal vlekke op 
Somerbehandelings. blare - 100  gemon- 
| gesond  | min matig erg sterde blare. 
Koperswawel ds da 57-8 29-2 10-6 2 d 1025 
Kalkswawel sad py AR d 38:6 19-2 3:8 1641 
,.Vigroside” R. Ek se d8-d 35-8 14-0 1-8 781 
opper Hydro”' OR ESE EP 94-4 14:4 3-8 1284 
KONTROLE if: EN 32-8 49. d 90-0 d-S8 1815 
z-waarde (P— 05, n—in—ll 
2— 6055) 1- 1894 — || — — 6668 
Beduidende verskil EE s 14-5 n —M — 69 


Die besmetting van die blare op die proefpersele op Kakamas was deurgaans 
so gering dat die z-waarde van die gegewens wat van hierdie persele verkry is 
te laag bevind is om die proef van enige statistiese waarde te maak. Hierdie 
resultate word egter langs dié aangegee wat verkry is van die proefpersele op 
Upington omdat hulle, ten spyte van die geringe besmetting, tog in belangrike 
opsigte met mekaar ooreenstem. 


Die volgende voorlopige gevolgtrekkings skyn van hierdie gegewens gereg- 
verdig te wees: 


(1) Winterbehandeling. 


In geen geval waar winterbehandelings met kalkswawel (1 in 8) of met 
blouvitrioel (1 Ib. cp 2 gellings water) ingesluit is, kon enige vermindering in 
besmetting opgemerk word nie (sien Tabelle V en VI). Dit kan hier gemeld 
word dat die resultate in verband met hierdie siekte ten nouste ooreenstem met 
dié wat vroeër verkry is met die Isariopsis-blaarvlek in die Stellenbosch-distrik 
(du Plessis, 1949), die veroorsakende organisme waarvan ook net soos Erzosporium 
sultanae hoofsaaklik op ou besmette blare oorwinter. 


(2) Somerbehanmdelings. 


As die gegewens in Tabelle IV en V vergelykend gelees word, is dit duidelik 
dat die vroeëre somerbehandelings besonder effektief is teen die siekte, dit wil sê 
dié wat gegee is aan die einde van September en op die 20ste Oktober, dus 
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respektiewelik toe die lote ongeveer tien duim lank was en net nadat die wingerd 
geblom het. Van die latere behandelings is dié wat op die 22ste November 1943 
toegedien is feitlik die enigste wat aanduidings van enige mate van bestryding 
gelewer het. 


Dit is reeds genoem dat die siekte eers maar tydens hierdie laasgenoemde 
behandeling vir die eerste maal gedurende die 1943-1944-seisoen in die besmette 
proefwingerd te Upington opgemerk is, en dit in 'n besondere ligte graad. Dit 
is duidelik dat die vereiste vir suksesvolle bestryding van die siekte dus is om 
voorbehoedbehandelings te gee, wat byna almal toegepas moet word nog voordat 
enige tekens van die siekte sigbaar is. 


(3) Doeltreffendheid van Swamdoders. 


Dit is uit die gegewens van Tabel V duidelik dat daar baie min, indien enige, 
verskil is tussen die doeltreffendheid van koperswawel en Bordeaux-mengsel teen 


die siekte. Hierdie verskil was ietwat duideliker ten gunste van eersgenoemde, 


hoewel nog nie meetbaar nie in die proef, die gegewens waarvan in Tabel VI 
weergegee word. Dit het ook uit hierdie proef duidelik geword dat swawel een 
van die beste swamdoders teen die siekte was. Die uitwerking van koperoksi- 
kloried, koperkalk (Tabel VI), ,,Vigroside” en ,Copper hydro” (Tabel VIT) was 
minder uitstaande. 'Tog was die stokke wat hiermee behandel was beduidend 
gesonder as die onbehandelde stokke van die kontrole-persele. Dit is opvallend 
dat kalkswaweloplossing geen beduidende beheer op die siekte uitgeoefen het nie. 


(4) 'Toepassing van Bestrydingsprogramme. 


Dit is reeds aangetoon dat Ezosporium Sulitanae langs die Grootrivier sedert 
1940 feitlik elke tweede of derde jaar toestande ondervind het wat die half- 
epidemiese ontwikkeling van die siekte moontlik gemaak het. Die resultate 
van die voorlopige bsstrydingsproewe dui aan dat die siekte gedurende sulke 
seisoene redelik goed bestry kan word deur die stokke driemaal tydig te bestuif 
met koperswawel of swawel of te bespuit met o.a. Bordeaux-mengsel. 


Die vraag doen hom egter in hierdie verband voor of dit, met die oog op 
die periodieke voorkoms van die siekte langs die Grootrivier, ekonomies gereg- 
verdigd is om die program gereeld toe te pas. Die feit dat swawel met vrug 
aangewend kan word maak dit moontlik om ook met dieselfde behandelings 
poeieragtige skimmelsiekte of Oidium te bestry (du Plessis, 1945), 'n siekte wat 
stadigaan toeneem in hierdie wingerde. Verder dien daarop gelet te word 
dat die uitwerking van die roetdou op sultanas nie beperk is net tot die seisoen 
waartydens die siekte epidemies voorkom nie; maar dat wingerde wat erg besmet 
was, so nadelig affekteer is dat die oes gedurende die hieropvolgende seisoen 
ook heeltemal ondernormaal was en dat sommige stokke totaal afsterf weens 
uitputting gedurende die seisoen na besmetting, tensy hulle spesiale behandeling 
ontvang. 


Ongelukkig bepaal die reënval gedurende Oktober en November veral die 
graad van voorkoms van die siekte wanneer die grootste gedeelte van die program 
reeds volvoer moet wees ten einde effektief te wees. Waar die reënval gedurende 
hierdie maande geneig is om gereelder te wees, soos bv. die geval is in Vredendal 
en veral in Worcester, is die noodsaaklikheid van gereelde en deeglike toedienings 
waar die siekte voorkom, natuurlik duidelik. 
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10. 


Mik 


12. 


OPSOMMING. 
'n Blaarvleksiekte wat gedurende die seisoen 1940-1941 in die Buchuberg- 


besproeiingstreek aangetref is, is sedertdien ook gevind in Sultanawingerde 
van die distrikte Upington, Ladismith, Vredendal en Worcester. 


. Die simptome van die siekte soos dit veral op die blare voorkom is beskrywe. 


Swaar besmettings lei tot 'n vroegtydige val van blare, direkte oesverliese, 
ontydige blaarvorming en algemene agteruitgang van die aangetaste stokke. 


Sover vasgestel kon word blyk dit dat die Sultana die enigste wingerdvariëteit 
is wat vatbaar is vir roetdou. 


Op lewende blare is die sporodochia van die siekteveroorsakende swam 
kompakt, rond, plat tot effe bol bo-op en die konidiofore dra volop bruin, 
langwerpige, grotendeels tweesellige conidia aan hulle punte. Die weefsels 
van die sporodochia wat op ou dooie blare gedurende die winter gevorm word 
is pseudcparengimaties, waaruit konidiofore en groot getalle, gekleurde, 
meersellige conidia gevorm word tydens benattingsperiodes. 


Die swam groei besonder stadig op voedingsbodems in die laboratorium, vorm 
'n gekleurde, geplooide gewas, dra min conidia in kultuur; maar vorm nie 
sporodochia nie. 


Positiewe besmettings is verkry met enkelspoorkulture van die swam van 
blare wat van Upington afkomstig was. 


. Die resultate van proewe wat uitgevoer is met ou besmette wingerdblare en 


met vars conidia van die siekteveroorsakende swam, dui aan dat die optimale 
temperatuur vir spoorvorming en vir ontkieming van die conidia dié is tussen 
15“C en 20*C. Bo 35*C en benede 5*C was ontkieming baie swak. 


Na sorgvuldige oorweging van die verskillende morfologiese eienskappe van 
die siekteveroorsakende organisme en hul vergelyking met die beskrywings 
van verskeie verwante organismes, is besluit dat die Sultanaswam tot die 


' geslag Ezosporium behoor en hiervoor is die naam Ezosporium sultanae noV. 


spec. voorgestel, vergesel van 'n diagnotiese beskrywing van die swam. 


Die roetdou kom langs die Grootrivier besonder sporadies voor, 'n gedrag wat 
gekoppel kan word aan die reënval veral gedurende die maande Oktober 
en November. 


Geen duidelike uitwerking van enige van die bemestingstowwe op die 
weerstand van Sultanastokke teen roetdou kon waargeneem word nie. 


Die resultate van voorlopige bespuitingsproewe dui aan dat die winter- 
spuitings met kalkswawel of blouvitrioeloplossing die siekte nie merkbaar 
verminder nie. 


'n Waardebepaling van die verskillende somertoedienings het aan die lig 
gebring dat die behandelings, as die lote ongeveer tien duim lank is en 
daarna weer as die wingerd geblom het, die waardevolste is vir roetdou- 
bestryding. 'n Toediening op ongeveer die helfte van November het nog 
waarde vir bestryding, hoewel min; maar latere behandelings is byna 
waardeloos. Die waardevolste behandelings is dus dié wat gegee word nog 
voordat die siekte sigbaar is. 
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13. Swawel is feitlik die beste middel teen die siekte, hoewel koperswawelstof 
en Bordeaux-mengsel ook duidelik die siekte verminder het. 


14. Ten spyte van die sporadiese voorkoms word dit tog raadsaam beskou om 
onderhewige wingerde vroegtydig te behandel met die oog op besmettings- 
kontrole uitskakeling van nadelige nagevolge van die siekte en Oidium- 
bestryding. 


Die skrywer is besondere dank verskuldig aan mnr. F. C. Hugo en ander 
lede van die Landbouproefstasie te Upington, en aan mnr. F. van Zyl van Kakamas 
vir huile gewaardeerde hulp met die uitvoer van die bestrydingsproewe. 
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INTRODUCTION 


This cytological investigation was undertaken to determine the chromosome 
morphology in the genera and species of the Mesembryanthemeae, a large 
sub-family of the Aizoaceae, which is well represented in South Africa, and to 
ascertain whether these results would help in elucidating taxonomic problems in 
the group. 

Many investigators, e.g. Gates (1924), Tischler (1928), Anderson (1937) have 
expressed the opinion that the chromosome morphology of a group may furnish 
valuable additional data in taxonomic problems to the morphological 
characteristics ordinarily used. This has unfortunately not been found applicable 
to all cases, because of the uniformity of the chromosome complement in large 
Sroups of plants. Several investigators have, however, been able to suggest 
solutions of the taxonomic problems of different groups of plants with the help 
of a knowledge of their chromosome morphology, e.g. Manton (1982) in some 
genera of the Cruciferae, and Smith (1932) in Anchusa. Others have stated 
that the chromosome morphology of certain groups shows a strong correlation 
to the taxonomy of those groups, e.g. Levyns (1934) in the genera Lobostemon 
and BEchiostachys, and Skovsted (1935) in the Malvaceae. Jaretsky (1928a) was 
able to suggest a phylogenetic system for the Cruciferae, with the aid given by 
a knowledge of the chromosome morphology. 


MATERIAL AND TECHNIOUE 


The chromosome morphology of eighty-nine species belonging to thirty-three 
genera has been investigated. All the plants are succulent and have originally 
been procured from the semi-arid regions of the Cape Province, e.g. the Little 
Karroo, Karroo, Namadgualand en Bushmanland, and also from South West 
Africa. They were cultivated in the Botanic Garden of the University of 
Stellenbosch, and were identified by the Bolus Herbarium, Cape Town. All the 
material was obtained from the garden except one species which was found 
locally. 


The greater part of the work was carried out on the reduction division in 
pollen-mother-cells. Very young buds were picked between the hours of 9 a.m. 
and 4 p.m. and were immediately brought to the laboratory where the p.m. 
cells were examined in aceto-carmine. No hours of maximum cell division were 
found. Heitzs method (1926) was condensed by smearing one anther on a 
slide, adding a drop of aceto-carmine and examining under a microscope. If 
meiotic divisions were found to occur, smears of the other anthers of the 
flower were made on clean slides and were immediately fixed in 2BE fixative 
for 9 hours. Conophytum and Lithops species were. difficult to handle, as at 
the time of meiosis the flower hbuds were embedded within the plant body 
between the two fleshy leaves, and it was found necessary to destroy the plants 
wholly to obtain the bud. 


The smears were rinsed in water for half an hour and left overnight in a 
bleaching agent (1 part Perhydrol in 5 parts of 40% alcohol). The next morning 
they were stained in gentian violet with the following modification of La Cour's 
method (1931): They were stained in 4% agueous solution of gentian violet for 
8 minutes, rinsed in water and differentiated in a solution of 1% jiodine and 
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1% potassium iodide in 80% alcohol for 8 minutes. After this they were further 
differentiated in a saturated adgueous solution of picric acid for 2 to 3 minutes. 
This gave excellent results as the picric acid precipitated the stain in the 
chromosomes. The smears were rinsed in 95% alcohol for 5 seconds, and the 
ultimate differentiation was carried out in absolute alcohol. This process took 
4 to 6 minutes, the preparations being periodically examined under a microscope. 
Then they were put into clove oil for 5 seconds and into three changes of xylol 
for 30 minutes, after which they were mounted in Canada balsam. It was 
found that the stain did not fade if every trace of the clove oil had been removed 
by the xylol. 

Aceto-carmine smears which were made permanent by La Cour's method 
(1937) were not as satisfactory as the gentian violet preparations. 


Somatic chromosomes were investigated in root tips obtained from seedlings 
which had been allowed to germinate under wet filter paper. Growing points 
of stems and very Young flower buds and leaves also supplied satisfactory stages 
in cases where seeds were unobtainable. 'These chromosomes were, however, 
found to be smaller than those of root tips. 'The growing points were fixed 
in BE after being subjected to the pretreatment recommended by Darlington 
and La Cour (1938). They were left in the fixative overnight, and La Cour's 
method (1937) was used to bring the material into wax, with the one difference 
that it was found necessary to leave the material for at least 8 hours in the 
thermostat at 560 C. to remove all the chloroform, instead of 4 hours as La Cour 
advocated. 

Sections of growing points were cut 10 u in thickness, and after the wax 
had been removed they were bleached in Perhydrol in the 70% alcohol stage. 
The next day they were stained in Heidenhain's iron-alum haematoxylin. A 4% 
solution of iron ammonium sulphate was used as mordant and 4% adgueous 
solution of haematoxylin as stain. Tuanm''s duick method (1931) was found to be 
excellent. Differentiation was carried out in a saturated solution of picric acid 
instead of a solution of iron ammonium sulphate, as this made the cytoplasm 
more clear and the chromosomes therefore more distinct. Haematoxylin as a 
stain was found to be better than gentian violet for the somatic chromosomes. 

The figures were drawn with the aid of a Leitz Panphot, and others with a 
Camera lucida, giving magnifications of 2,000. 


INVESTIGATION 


ARGYRODERMA. A. Villetii LBol. has n - 9 and possesses 9 pairs of chromo- 
somes in the first division metaphase and 9 single chromosomes in the second 
division. Sometimes a slight irregularity appears, when two of the pairs in the first 
metaphase seem to be in secondary association (Fig. 1). In one cell a second 
division metaphase was seen with one chromosome half the size of the other eight 
chromosomes. 

ARIDARIA. Eight species were examined and all except one were found to 
be polyploid. 

A. viridiflora L.Bol. has n - 9 and a regular meiosis (Fig. 9). Somatic divisions 
in growing points of stems showed 18 rod-shaped chromosomes slightly unegual 
in size. Some were straight, others bent about a constriction in the centre, 
the centromere (Fig. 3). 


A. brevifolia L.Bol. has n — 18 and a very irregular meiosis. Bivalents and a 
few univalents occur in the first division metaphase (Fig. 4). These metaphase 
chromosomes are not arranged in one plane, as a few lie scattered on the spindle. 
After the disjunction of the chromosomes in the anaphase of the first division, 
many lagging chromosomes occur (Fig. 5) and sometimes these lagging univalents 
divide into chromatids in this stage. Most of the young spore tetrads are 
apparently normal, although some spores probably possess more and others less 
than the normal number of chromosomes, as a result of the uneven disjunction. 
A few p.m.cells with one or two small extra spores were seen. Dyads occurred 
rarely. 


A. notha N.E.Br. (n - 18) formed duadrivalents, bivalents and univalents 
in the metaphase stages of the first reduction division (Fig 6). Sometimes 
as many as 7 duadrivalents occurred, some of them being ring-shaped. One 
or two chromosomes lag in the anaphase, and a few pass to the poles prematurely. 
The chromatids of lagging univalents sometimes separate in the first division 
and pass to opposite poles. Disjunction is therefore uneven, and metaphasic stages 
of the second division possess unegual numbers of chromosomes, e.g. 18 in one, 
17 in the other and one chromosome lagging in the cytoplasm, or 19 and 16 
and one lagging chromosome, etc. The pollen grains therefore possess more 
or less than the normal number of chromosomes. No small fifth cells were 
seen in the spore tetrads, but dyads occurred. 


A. pentagona L.Bol. n — 18. One or two guadrivalents occur in the diakinesis 
and in the metaphase of the first reduction division among the bivalents. 
Univalents do not occur, and all the chromosomes are arranged in one plane 
on the eduatorial plates. Some duadrivalents are ring-shaped (Fig. 7. 
Disjunction is usually even, and edguatorial plates of the second division showing 
unegual numbers of chromosomes occur rarely. No lagging chromosomes or 
p.m.cells with pentads or dyads were seen. This plant therefore has a regular 
meiosis, notwithstanding the presence of a few duadrivalents. 


In A. guaterna L.Bol. large numbers of chromosomes ranging between 54 
and 63 were observed in the metaphase of the first division (Fig. 8). They 
are unedual in size, and some of the smaller ones are probably single. Some pairs 
are in contact with others, and either form duadrivalents or are in secondary 
association. Most of the chromosomes are on the eduatorial plate and only a 
few univalents are situated near the poles. On account of these scattered 
chromosomes and the large number of chromosomes in secondary association 
a correct estimation of the chromosome number could not be made. 'The 
numbers of chromosomes on the second metaphase plates vary from 59 to 61 
(Fig. 9). Lagging chromosomes occur rarely, and no pentads are formed. Only one 
dyad was seen. Growing points of stems showed a very high number of 
chromosomes. 


This plant is probably a high polypoid. It would be interesting to find out 
if all plants belonging to this species possess such large numbers of chromosomes. 
Unfortunately no other examples of A. guaterna could be obtained. 


A. rigida NEBr. n — 18. The reduction division was found to be like that 
of A. pentagona. Pairing is regular, and the formation of auadrivalents and 
uneven disjunction of chromosomes are of very rare occurence. 
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A. Splendens (L) Schwant. (n — 18). @uadrivalents, bivalents and univalents 
occur in the metaphase of the first reduction division, and a number of the 
latter usually lags in the anaphase (Fig. 10). Later some divide into chromatids 
which may be included in the interphase nuclei. Disjunction in the first division 
is therefore uneven, and the metaphase plates of the second division possess 
unedual numbers of chromosomes (Fig. 11). The irregularities observed in the 
meiosis are also evident in the resultant spores. Many dyads are formed, and in 
some patches on the smear more of these occur than tetrads. The nuclei of 


Fig. 1, Argyroderma Villetit, first metaphase: 9, Aridaria viridiflora, first metaphase; 
3, do., somatic metaphase; 4, A. brevifolia, first metaphase; 5, do., first telophase; 6, 
A. motha, first metaphase; "7, A. pentagona, first metaphase; 8, A. guaterna, first 
metaphase; 9, do, second metaphase; 10, A. $plendens, first anaphase; 11, do.,, second 
metaphase; 12, A. subpatens, second metaphase; 18, Carpanthea pomeridiana, somatic 
metaphase; 14—16, Carpobrotus Juritaii, 14, first metaphase; 15, second metaphase; 16 
somatic metaphase; 17, C. deliciosus, first metaphase. j 
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the dyads are not egual in size. A triad was also found. Growing points of 
stems showed approximately 386 chromosomes. 


A. subpatfens L.Bol. n - 18. Sometimes the reduction division is normal 
with 18 pairs of chromosomes in the first metaphase plates and an even 
disjunction. But in other cases pairing was found to be irregular and guadrivalents 
and sometimes a few univalents occurred in the diakinesis and the first metaphase 
plates among the bivalents. Often some chromosomes pass to the poles before the 
others, and others lag. Disjunction then is uneven so that more than 18 chromo- 
somes and half chromosomes occur in the second division (Fig. 19). The smaller 
chromosomes are probably chromatids formed by the division of univalents. 
In the second telophase one or two small extra groups of chromosomes could be 
seen, and later these formed small pollen grains. A few dyads were observed. 


CARPANTHEA. C. pomeridiana (L) N.E.Br. is an annual and proved to be 
a dipioid with 18 chromosomes in the somatic divisions of the root tips (Fig. 18). 
These chromosomes are much larger than in any other member of the 
Mesembryanthemeae. According to Miintzing (1936) annuals usually are diploid. 


CARPOBROTUS. C. Juritaii LBol, C. deliciosus L.Bol. and C. edulis N.E.Br. 
were examined, and all were found to be diploid with n - 9. In the metaphase 
of the first division 9 pairs of chromosomes occur (Fig. 14), and in some cells 
of C. Juritsii and C. deliciosus each pair appears to consist of four parts, two 
and two being closely united (Fig. 17). This probably shows the median 
centromere. Anaphasic stages of the first and second divisions in C. deliciosus 
seen from the side, also show that the centromeres are median. Diakinetic 
stages in C. deliciosus showed 18 paired chromosomes, with the members of some 
pairs not visibly connected. 


In the metaphase of the second division the chromosomes appear to be 
double (Fig. 15). The two parts are closely connected in some cases and in others 
loosely connected, with the two parts lying side by side, attached at their ends 
or apparently unattached. This indicates either the median centromere or the 
longitudina] split. Metaphase plates seen from the side in C. Juritzii show that 
the chromosomes consist of four parts. This shows that the centromeres are 
median and that the daughter chromosomes are beginning to separate. 
Darlington (1930) gives a figure with chromosomes which consist of four parts 
in the second metaphase. 


In each of the species a few p.m.cells were found with an extra chromosome 
fragment associated with one of the chromosomes. In C. deliciosus it was seen 
in the late diakinesis, associated with one of the chromosomes whose partner was 
situated at a distance. In C. Juritzii and C. edulis a fragment was sometimes 
seen on one of the second division metaphase plates, loosely associated with one 
of the chromosomes (Fig. 15). It is uncertain if this fragment is universally 
present, or if it occurs in some cells as a result of a slight irregular disjunction 
in the first reduction division. In one cell of C. deliciosus a lagging chromosome 
was found situated between the two spindlies oi tne secona avislon. 'nis may 
have been the fragment. . 


Somatic cell divisions were observed in the growing points of stems in (C. 
Juritzii and showed 18 rod-shaped chromosomes (Fig. 16). 
CEPHALOPHYLLUM. Five species were examined and all except one were 
found to be tetraploid. 


C. aureorubrum LBol. has n - 9 and a regular reduction division (Fig. 18). 
Many of the second metaphasic chromosomes show a median constriction which 
indicates either the position of the centromere or the longitudinal split. A 
slight irregularity sometimes occurred when small chromatin iragments were 
left in the cytoplasm. Evidently these fragments were too few or minute to 
cause the formation of small extra cells in the spore tetrad. 


C. Framesii LBol. n — 18. On the metaphase plates of the second reduction 
division 18 chromosomes occur (Fig. 19). This shows that disjunction in the 
first division is even and that bivalents or only a small number of guadrivalents 
must have been formed in the first prophase. 


C. Goodii LBol. n — 18. Bivalents and sometimes a few auadrivalents are 
formed in the first reduction division (Fig. 20). In the second division 18 
chromosomes usually occur on each plate, so that the disjunction of the chromo- 
somes is even in the first anaphase, notwithstanding the presence of duadrivalents. 


C. Herrei LBol var. decumbens LBol. n — 18. Pairing is regular and no duadri- 
valents are formed, but some of the pairs appear to be in secondary association 
(Fig. 921). Disjunction is normal and the second metaphase plates contain 18 
chromosomes. 'The somatic divisions of root tips show approzimately 386 
chromosomes. 


C. Pillansii LBol. n — 18. Bivalents and a number of guadrivalents, sometimes 
as many as six, were found in the first reduction division (Fig. 22). Sometimes 
a few of the latter lag slightly, but all the chromosomes are included in the two 
interphasic nuclei. Disjunction is even or sometimes uneven, and the second 
metaphase plates show 18 or a few more or less chromosomes. 


CHEIRIDOPSIS. Six species were examined, all except one being tetraploid. 


C velutina L.Bol. n - 9. 'The reduction division is normal. Somatic divisions 
in root tips showed 18 chromosomes, some with median centromeres (Fig. 23). 


C. acuminata LBol. n —- 18. A number of guadrivalents, sometimes as many 
as six, and a number of bivalents occur in the diakinesis and first metaphase. 
The chromosomes of most of the guadrivalents lie parallel to one another, pairs 
being more closely united. Ring-shaped guadrivalents sometimes occur (Fig. 24). In 
the second metaphase 18 slightly elongated single chromosomes occur on each 
plate. The disjunction of the guadrivalents must therefore chiefly be even. The 
species is probably autotetraploid. 


The reduction division of C. aspera L.Bol. is very irregular. No eguatorial 
plate is formed in the first division and a number of univalents lies scattered 
on the spindle. Disjunction in the first anaphase is uneven (Fig. 25), and 
metaphase plates of the second division possess unegual numbers of chromosomes. 
Sometimes p.m.cells with 18 chromosomes in each second metaphase plate were 
seen. Five or six groups of chromosomes sometimes occurred in the second 
telophase. Some of these originated from chromosomes lagging in the first 
division, and gave rise to pentads and hexads. Dyads were sometimes seen. 
The pollen grains were of various sizes and varied from 95 u to 40.5 u in 
diameter. Many showed two or four germinating pores, instead of three. 


In somatiec cell divisions in growing points of stems 86 rod-shaped 
chromosomes were found (Fig. 26), edual in length, but smaller than those 
of Aridaria viridiflora (Fig. 3). This species is probably a hybrid. 
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C. Pillansti L.Bol. and C. purpurea L.PBol. have n—l18 and the reduction 
division is normal. Pairing is regular (Fig. 27), and in C. Pillansii disjunction is 
even so that the second division plates possess 18 chromosomes (Fig. 98). In C. 
purpurea no second division metaphases were seen, but one would expect the 
meiosis to be regular. 


In C. umdausensis LBol. 18 chromosomes regularly occur on the metaphase 
plates of the second division (Fig. 29). This shows that only bivalents occur 


Fig. 18, Cephalophyllum aureorubrum, second metaphase; 19, C. Framesii, second 
metaphase; 20, C. Goodii, first metaphase, stained in acetocarmine; 21, C. Herrei, first 
metaphase; 22, C. Pillansii, first metaphase; 238, Cheiridopsis velutina, somatic metaphase; 
9%, Ch. acwminata, first metaphase; 25, Cn. aspera, second metaphase; 26, do. somatic 
metaphase; 27, Ch. purpurea, first metaphase; 28, Ch. Pillansii, second metaphase; 29 Ch. 
umdausensis, second metaphase; 30, Conophyllum Herrei, second metaphase; 1, 
Conophytum #flavum, second metaphase; 32, Cylindrophyllum calamiforme, first 
metaphase; 33, Delosperma Ecklonis, first metaphase. 
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mn the first division, or that if duadrivalents are formed, they separate evenly 
in the anaphase. 


CONOPHYLLUM. C. Herrei LBol. (n - 9) has a normal meiosis (Fig. 30). 


CONOPHYTUM. C.flavum N.EBr. n — 18. All the second division metaphase 
plates regularly possess 18 single chromosomes, most showing a median 
. constriction (Fig. 31). The disjunction therefore is even. 


CYLINDROPHYLLUM. C. calamiforme (L) Schwant. (n — 9) usually has 
a normal meiosis with 9 pairs of chromosomes in the first metaphase (Fig. 32) 
and 9 single chromosomes in the second metaphase. However, an irregularity 
was observed: a cell was found to possess 8 chromosomes on one metaphase plate, 
84 on the other, and 1: chromosome situated in the cytoplasm near the cell wall. 
This condition may have been caused by incomplete pairing in the first prophase 
due either to a partial homology or to a lack of time to form chiasmata. The two 
univalents lagged and one divided into its chromatids, one of the latter being 
included in an interphase nucleus. 


DELOSPERMA. 'Three species were investigated, one being diploid. 
D. crassum L.Bol. n — 9. The meiosis is regular. 


D. Ecklonis Schwant. (n — 18) has a normal meiosis with paired chromosomes 
in the first division metaphase (Fig. 338), and an even disjunction in the first 
anaphase. Sometimes, however, disjunction is uneven and a few cells were found 
with unedual numbers of chromosomes on the second metaphase -plates. 


In D. litorale LBol. (n — 18) most metaphase stages of the first reduction 
division show a number of bivalents and duadrivalents (Fig. 34), sometimes as 
many as 5 of the latter, and most of them ring-shaped. 'The disjunction is 
even or uneven, and the second metaphase stages show 18 chromosomes on each 
plate, or more than 18 on one and less than 18 on the other plate. 


DOROTHEANTHUS. D. criniflorus Schwant. n - 9. This is an annual 
species, and the meiosis is normal. It differs from the other Mesembryanthemeae 
in the distinctly different sizes of the chromosomes in the complement. In the 
first reduction division the metaphase shows 4 large pairs of chromosomes, 2 
pairs intermediate in size and 3 small pairs (Fig. 35). The difference in the sizes 
of the chromosomes was also apparent in the second metaphase (Fig. 36). 


DROSANTHEMUM. D.autumnale L.Bol. n - 18. The meiosis shows irregular- 
ities. In the diakinesis and the metaphase of the first division one or two 
duadrivalents are sometimes present among the bivalents, and other cells possess 
a few univalents (Fig. 37). A lagging chromosome which seems to divide into its 
chromatids sometimes occurs in the first anaphase. However, the disjunction 
is often even, as 18 chromosomes occur in the second divisions. No small fifth 
pollen grains were found in the spore tetrads; too few chromosomes lag to form 
Such grains. 


EBERLANZIA. E. hospitalis (Drt.) Schwant. has n — 36 and is octoploid. 
In the diakinesis the chromosomes are associated in pairs and in groups of four. 
In the first metaphase some chromosomes are scattered on the spindle, and 
duadrivalents and bivalents occur, some of the latter showing secondary 
association (Fig. 39). Sometimes a few univalents are present (Fig. 88). Lagging 
chromosomes occur freguently in the first anaphase and are caused by multi- 
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valents separating irregularly or by univalents left on the spindle (Fig. 40). 
Freguently so many chromosomes lag that they form a bridge connecting the two 
telophasic groups of chromosomes. This causes the formation of one interphasic 
nucleus containing all the chromosomes. This nucleus often retains the dumb- 
bell shape. 1$ undergoes the second reduction division and the chromatids 
separate and pass to opposite poles. The result is the formation of a dyad of 
spores, each with the unreduced number of chromosomes. About half of the old 
p.m.cells contain dyads. 'Triads are formed rarely, and a pentad was seen only 
once. 


36 


Fig. 34, Delosperma Titorale, first metaphase; 36, Dorotheanthus eriniflorus, first 
metaphase; 36, do, second metaphase; 37, Drosanthemwm autummnale, first metaphase; 
38—41, Eberlamaia hospitalis, 38, 39, first metaphase; 40, first anaphase; #l, second 
nietaphase; 42, Faucaria Bosscheana, first metaphase; 43, F. felina, second metaphase; 
44, F. Bosscheana, somatic metaphase; 45, Gibbaeum pubescens, second metaphase; #6, 
G. Schwantesii. first metaphase; 47, G. velutinwm, first metaphase; 48, Glottiphyllum 
rompressum, first metaphase; 49, do. somatic metaphase. 
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The reduction division of approximately 50% of the p.m.ecells is nearly 
normal, and tetrads of spores are formed. But the disjunction in the first 
anaphase is often uneven, so that the spores may possess more or less than the 
normal number of chromosomes. Fig. 41 shows a second metaphase plate with 
35 chromosomes. 


As no viable seeds were obtainable, somatic divisions were observed in the 
growing points of stems. But the presence of such large numbers of chromosomes 
made a correct estimation impossible. 


FAUCARIA. EF. eradockensis L.Bol, F. Bosscheana Schwant. and F. felina 
Schwant. var. Jamesii LBol. proved to have n - 9. The meiosis was investigated 
in the two latter species (Figs. 42, 48), and was found to be normal. Somatic 
divisions in the root tips of all three species showed 18 rod-shaped chromosomes 
(Fig. 44) in the metaphases. 


GIBBAEUM. G. pubescens (Haw.) N.EBr. n—9. 'The meiosis is normal (Fig. 
45). 


In G Schwantesii Tisch (n—l18) the chromosomes are arranged in pairs 
and groups of four in the first metaphase (Fig. 46). As many as 5 duadrivalents 
occur and most are ring-shaped. Disjunction of the chromosomes is even and 
no lagging chromosomes occur. The species is probably autotetraploid. 


G. velutinum Schwant. (n — 18) also has large numbers of ring-shaped guadri- 
valents in the first metaphase (Fig. 47). The disjunction is usually even, but 
sometimes uneven disjunction occurs, causing the formation of second metaphase 
plates with unegual numbers of chromosomes. Dyads, triads and pentads are 
formed, freguently localized in certain pollen sacs. Dyads occur very freguently, 
eg. in some pollen sacs 40% to 45% of the p.m.cells contain dyads. Stages in 
their formation showing dumb-bell-shaped telophases and interphases were 
found. 'Triads develop when a few chromosomes lag in the second reduction 
division after a semi-heterotypic division. 


Mitotic divisions from the root tips of seedlings showed 36 chromosomes, 
and another 29 to 32 chromosomes. These aberrant numbers must be the result 
of the fertilization of an ovule with an abnormal pollen grain. Unfortunately 
the seedling died off, as it would have been interesting to find out whether such 
plants would show characteristics divergent from the parents. 


GLOTTIPHYLLUM. G. arrecium NEBr. and G. compressum L.Bol. have 
n —9 and a normal meiosis (Fig. 48). Root tips of the latter species showed 18 
rod-shaped chromosomes (Fig. 49). 


HEREROA. Four species were studied and three proved to be diploid. 


Somatic divisions in the root tips of H. dolabriformis L.Bol. showed 18 narrow 
rod-shaped chromosomes, most with a median centromere (Fig. 50). 'The 
chromosomes are not edgual in length. 


H. gracilis LBol. n - 9. No irregularities were observed in the reduction 
divisions (Fig. 51), but a comparatively large number of minute pollen grains was 
found. This points to the fact that irregularities must sometimes occur in the 
development of the pollen grains. Eighteen very small rod-shaped chromosomes 
occur in somatic divisions of stems. The centromeres were not visible. 
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H. granulata Dtr. et Schwant. n — 9. The reduction division often is normal 
(Fig. 59), but in some cases the disjunction of the chromosomes is irregular. 
In Fig. 53 8 and 9 chromosomes occur on the two second metaphase plates and 
one chromosome is situated in the cytoplasm. 'This irregularity must be due 
to partial pairing in the prophase. Some p.m.cells with more than four groups 
of chromosomes in the second telophase were found (Fig. 54). This plant probably 
is a hybrid. 


Fig. 50, Hereroa dolabriformis, somatic metaphase; 51, H. gracilis, first metaphase; 
59—54, H. granulata, 52, first metaphase; 63, second metaphase; 54, second telophase; 55, 
H. erassa, first metaphase; 56, Hymenoeyclus flavoeroceus, first metaphase; 57, H. Herrei first 
metaphase; 58, H. luteus, somatic metaphase; 59, H. purpureo-croceus, triploid, first 
metaphase; 60, do, triploid, somatie metaphase; 61, do. tetraploid, first metaphase; 
62, Leipoldtia Nelit, first metaphase; 63, L. Britteniae, first metaphase; 64, Lithops Lesliei, 
somatic metaphase; 65, L. pseudotruncatella, somatic metaphase; 66, Machairophyllwm 


minor, second metaphase. 
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H. crassa L.BOol. — 18. Pairing is often complete, but in some cells one or 
two guadrivalent groups may be present, or pairs in secondary association (Fig. 
55). Two univalents were observed in one p.m.cell. In the diakinesis the chromo- 
some pairs are either X- or O-shaped, terminalization of chiasmata having taken 
place in the latter case. Lagging chromosomes occurred only rarely in the first 
division, and metaphase plates of the second division were found to possess 18 
chromosomes each, or 19 and 17 chromosomes. 


HYMENOCYCLUS. 'Three out of the four species examined proved to be 
diploid, and one was found to possess triploid and tetraploid individuals. 


H. flavocroceus (Haw.) Schwant., H. Herrei Schwant. and H. luteus (Haw.) 
Schwant. have n 9 and regular reduction divisions (Figs. 56, 57). In H. 
flavocroceus somatic divisions in stems showed 18 small rod-shaped chromosomes, 
most of them being straight and a few slightly bent. The position of the 
centromere could not be determined. In H. luteus root tips likewise showed 18 
chromosomes, in shape like those of the former species, but sligthly larger in 
size (Fig. 58). 


H. purpureo-croceëus (Haw.) L.Bol. One plant was found to be 
a triploid: on the edguatorial plates of the first reduction division various 
numbers of univalents, bivalents and trivalents occur, giving a total 
of 27 chromosomes (Fig. 59). Jn rare cases 9 trivalents are formed, 
in others only 2, with ' bivalents and ' univalents. 'The trivalents are 
usually rod-shaped, and sometimes Y- or A-shaped. 'The disjunction is very 
irregular, 14 chromosomes going to one pole and 13 to the other, and sometimes 
even 16 to one and 11 to the other pole. Univalent chromosomes may lag in the 
first anaphase, and some may divide into chromatids which pass to opposite 
poles. Such chromatids again lag in the second division. Laggards which are 
not included in the nuclei, form minute extra spores (pentads and hexads). As 
viable seeds were not obtainable, somatic divisions were studied in stems, and 
27 small chromosomes were seen, which differ slightly in size. Some were bent 
and others straight, but the position of the centromere could not be determined 
(Fig. 60). They resemble the somatic chromosomes found in the stem of H. 
flavocroceus. 


Another shrub of H. purpureo-croceus was found with n—l18. A number 
of bivalents and a few dguadrivalents occur in the first reduction division (Fig. 
61). Disjunction usually is even, and 18 chromosomes are present on the 
metaphase plates of the second division. In a few cases uneven disjunction takes 
place, but no lagging chromosomes are present. In somatic divisions of stems 
36 chromosomes were found, in form and size like the somatic chromosomes of 
the triploid shrub. 

LEIPOLDTIA. L. Neli LBol has n -9 and a normal reduction division 
(Fig. 62). The chromosomes of the second metaphase possess median constrictions. 

L. Britteniae L.Bol has n - 18, and bivalents, guadrivalents and bivalents in 
secondary association occur in the first metaphase. In Fig. 63 some of the 
bivalents are beginning to separate. Eduatorial plates of the second division 
possess 18 chromosomes, but sometimes a few more or less. After the meiosis 
apparently normal spore tetrads are formed, except in one cell where a small 


fifth cell was observed. 'The p.m.cells of this species are larger than those of 
L. Nelii, the diploid. 
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LITHOPS. L. Lesliei N.EBr, L. Marthae Loesch et Tisch. and L. pseudo- 
truncatella (Brg.) N.E.Br. have 2n — 18, and the somatic divisions in root tips 
of seedlings showed 18 rod-shaped chromosomes of approximately egual length 
(Figs. 64, 65). Some were straight, others bent, and in some the median centromere 
could be seen as an unstained portion. The chromosomes in these species are 
larger than those in the root tips of species of Faucaria, Glottiphyllum, Cephalo- 
phyllum, etc. In L. Lesliei an additional small fragment was seen in two cells. 
1t is uncertain if this is a normal part of the chromosome complement. 


MACHATROPHYLLUM. M. minor LBol. has n -9 and a normal meiosis. 
The chromosomes of the second metaphase possess a median constriction 
(Fig. 66). 


MESEMBRYANTHEMUM. Seven species were examined, and all except one 
were diploid. M. aureum L., M. Comptonii LBol., M. longifolium L.Bol. and M. 
Pittenii LBol. have n - $ and normal reduction divisions, 9 pairs of chromosomes 
occurring in the first division and 9 single chromosomes in the second devision 
(Figs. 67 to 70). Some of the second metaphase chromosomes appear to be double. 


In M. rubrum LBol (n — $) pairing is incomplete in some cells. Fig. 72 
represents an early anaphase with some of the chromosomes slightly out of 
focus. These chromosomes show a median constriction. The metaphase stages 
of the second division appear normal, but the result shows that an irregularity 
sometimes occurs, as many pentads are present. Hardly any seeds develop, and 
only one germinated. The cell divisions in the root tip showed 18 chromosomes 
(Fig. 71), many with a median or sub-median centromere. They are not egual 
in length. This diploid probably is a hybrid. 


M. Watermeyeri L.Bol. has n — 9, and a slightly irregular meiosis. The meta- 
phase stages of the first division appear to be normal (Fig. 738), but a few fragments 
of chromatin which are smaller than chromosomes, are left in the cytoplasm 
after the first division. In some cells one of the chromosomes in the second 
metaphase is then visibly smaller than the others. Notwithstanding this, all 
the spore tetrads observed were normal, although an extra fragment of chromatin 
was observed in the cytoplasm of a few of the young pollen grains. It is uncertain 
if this disintegrates or is later taken into the nucleus. 


M. reptans Ait. n — 18. Bivalents and rarely a few duadrivalents occur in 
the first metaphase. In the second division 18 chromosomes are usually present 
on the metaphase plates (Fig. 74), and disjunction is therefore even. No lagging 
chromosomes were seen, and all the spore tetrads were normal. The p.m.cells 
are larger than those of the diploid Mesembryanthemum species. 


MEYEROPHYTUM. M. Meyeri Schwant. has n —- 9 and a normal meiosis 
(Fig. 75). 

MITROPHYLLUM. M. mitratum (Marl) Schwant. has n — 9 and normal 
meiosis. The chromosomes in the metaphase and anaphase of the second division 
possess median constrictions (Fig. 76). 

ODONTOPHORUS. O. Marlothii N.E.Br. has n -9 and normal reduction 
division. Somatic divisions in root tips showed 18 chromosomes (Fig. 77), smaller 
than the somatic chromosomes of Lithops and Mesembryanthemum species. Most 
are straight or nearly straight and no constriction appears. 
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PLEIOSPILOS. P. Bolusii N.E.Br., P. compacta Schwant,, P. simulans (Marl.) 
NE.Br. and P. willowmorensis LBol. have n - 9 and show no irregularities in 
the reduction divisions (Figs. 78, 19, 81). In the two latter species a constriction 
is present in the chromosomes of the second metaphase. 


Fig. 67, Mesembryanthemum @urewm, first metaphase; 68, M. Comptonii, first 
metaphase; 69, M. longifolium, second metaphase; 70, M. Pittenii, second metaphase; 71, 
M. rubrum, somatic metaphase; 2, do, early first anaphase; 73, M. Watermeyeri, first 
metaphase; 74, M. reptans, second metaphase; 75, Meyerophytum Meyeri, first metaphase; 
76, Mitrophyllum mitratum, second metaphase; “1, Odontophorus M arlothii, somatic 
metaphase; 78, Pleiospilos Bolusii, first metaphase; 79, P. compacta, diakinesis; :80, P. Nelii, 
somatic metaphase; 81, P. simulans, second metaphase; 82, Rhimnephyllum maeradenium, 
second metaphase; 83, Rhopaloeyclus Nelii, second metaphase. 
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Somatic divisions in root tips of P. Nelii Schwant. show 18 chromosomes (Fig. 
80). Most are slightly or sharply bent, and median or submedian centromeres 
appear in some of the chromosomes. The chromosomes difer slightly in size. 

RHINEPHYLLUM. ER. macradenium LBol. n -9. The meiosis is normal. 
(Fig. 82). 

RHOPALOCYCLUS. ER. Nelii Schwant. has n—9 and a normal reduction 
division (Fig. 83). 

R. Herrei Schwant. n - 18. Pairing is complete in the first reduction division, 
and no guadrivalents are formed. But some of the pairs are in secondary 
association. Although the disjunction is usually even (Fig. 84), one p.m.cell 
contained 19 chromosomes on one plate and 17 on the other. This uneven 
disjunction may have been caused by the rare formation of a guadrivalent. The 
chromosomes and p.m.cells are larger than those of R. Nelii, 


RUSCHIA. 'The reduction division of BR. crassa (L.Bol) Schwant., R. gravida 
L.Bol., R. heramera LBol var longipetala L.Bol, BR. karrachabensis LBol., BR. 
longifolia L.Bol., and R. solida L.Bol. (n—9) is normal (Figs. 85, 86, 88, 89). In R. 
heramera var. longipetala (Fig. 87) and R. solida 18 somatic chromosomes appear 
in the cell divisions of root tips. Some are bent about a median or sub-median 
centromere, and others are straight and do not show the position of the 
centromere. 


R. addita L.Bol. has diploid and high polyploid individuals. The reduction 
division of the diploid (n — 9) is normal Somatic divisions in the root tips 
of another plant with larger fruits than the diploid, showed metaphases with 
49 to 54 chromosomes. The exact number could not be determined. 


R. floribunda LBol. and R. klaverensis LBol n — 18. Pairing is complete in 
the former species and duadrivalents do not occur (Fig. 90). The second metaphase 
plates contain 18 chromosomes, all of them showing a median constriction. No 
lagging chromosomes occur and the spore tetrads are normal. In R. klaverensis 
a number of dguadrivalents is usually found in the first reduction division among 
the bivalents (Fig. 91). Disjunction is even or uneven, and second metaphases 
occur with 18 chromosomes on each plate, or with 19 and 17 on the two plates. 
This may be an autotetraploid. 


B. connata LBol. and BR. kakamasensis LBol. n — 21. In the first meiotic 
division bivalents, dguadrivalents and hexavalents occur, giving a total of 54 
chromosomes (Figs. 92, 94). In each species one p.m.cell with a ring-shaped 
octavalent was found (Fig. 92). Notwithstanding the large number of multivalents, 
even disjunction sometimes takes place, 27 chromosomes passing to each pole 
(Fig. 93). In other cells the disjunction is uneven (Fig. 95 with 28 chromosomes). 
Lagging chromosomes sometimes occur and they form small extra pollen grains. 
The p.m.cells are larger than in the diploid species of Ruschia. Seeds of R. kaka- 
masensis develop normally, and somatic divisions in root tips possess more than 
48 chromosomes, but a correct count could not be made because of the large 
number present. 


SCHWANTESIA. S. Herrei LBol. n — 9. Fig. 96. 
STOMATIUM. S. Fulleri LBol. n — 9. 
TITANOPSIS. T. calcarea (Marl) Schwant. n — 9. 
The meiosis of these three species is normal. 
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VANZIJLIA. V. angustipetala (L.Bol) N.E.Br. and V. rostellum L.Bol. n — 18. 
In the former species two or more guadrivalents usually occur among the bivalents 
in the first division (Fig. 97). The disiunction of the chromosomes in the first 
anaphase is usually even (Fig. 98), but sometimes uneven disjunction occurs, as 
unegual numbers of chromosomes are present on the second metaphase plates. 


Fig. 84, Rhopaloeyclus Herrei second metaphase; 85, Ruschia crassa, second 
metaphase; 86, R. heramera, first metaphase; 87, do. somatic metaphase; 88, R. karra- 
chabensis, second metaphase; 89, R. solida, first metaphase; 9%, R. jloribunda, first 
metaphase; 91, R. klaverensis, first metaphase, stained in aceto-carmine; 92, R. connata, 
first metaphase; 93, do., second metaphase, one plate shown; 9%, BR. kakamasensis, first 
metaphase; 95, do., second metaphase; 96, Schwantesia Herrei, first metaphase; 97, Vanaijlia 


angustipetala, first metaphase; 98, do, second metaphase; 99, V. rostellum second 
metaphase. s ” 
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A few chromosomes lag, and cause the formation of a small fifth cell in the spore 
tetrad. One triad was observed. 


In V. rostellum 18 chromosomes are present on the metaphase plates of the 
second division. It is uncertain if guadrivalents are formed in the first division. 
If so, only a few occur, as the disjunction of the chromosomes is usually even. 


DISCUSSION 


This investigation shows that the fundamental chromosome number for the 
Mesembryanthemeae is 9 and that polyploidy occurs within many genera. The 
Mesembryanthemeae would therefore fall under the ,multiple series” of Wanscher 
(1934) and the ,Chrysanthemum series” of Tischler (1928). As the polyploidy was 
found not to be intergeneric but to be interspecific, this investigation would not 
be able to help in the elucidation of intergeneric relationship, but may help to 
show the relationship between some of the species within the genera. The species 
With 9 chromosomes in the haploid stage may be taken to be more primitive than 
the polyploid species. 


The species which were studied in Carpobrotus, Faucaria, Glottiphyllum, 
Lithops, Pleiospilos, Dorotheanthus and Carpanthea proved to be diploid. But as 
only a few species of each of these genera have been examined, polyploidy may 
still be found to occur in them, except in Carpanthea which is a monotypic genus. 
Other genera, e.g. Vanzijlia and Conophytum were found to possess only polyploid 
species, but this does not preclude the possibility of the existence of diploids in 
these genera, as only one or two species of each genus were examined. 


The Chromosome Complement.—The chromosomes throughout the sub- 
family are very small, and some show the presence of median or sub- 
median centromeres. The four species of Hymenocyclus are exceptions, as the 
position of their centromeres is uncertain. The members of the chromosome 
complement throughout the Mesembryanthemeae are so uniform in size and shape, 
that individual chromosomes cannot be recogniged. Dorotheanthus criniflorus is 
the only plant where differences in the size of the chromosomes are apparent. The 
chromosomes in some genera are slightly larger than those in other genera. 
Lithops, Carpanthea and some species of Mesembryanthemum possess large 
chromosomes, and Hymenocyclus species very small chromosomes. 


The nuclei of the resting stages are of the prochromosomal type (Manton 
1935), ie. the chromatin is present in the form of prochromosomes or chromo- 
centres, which in the diploids correspond in number to the chromosomes seen in 
the cell divisions. 


Extra frasments were seen in a few cells of Lithops Lesliei and species of 
Carpobrotus, but not in all the cells undergoing cell division. Tt is therefore 
uncertain if these fragments are a part of the normal chromosome complement 
of these species. According to Taylor (1925) such fragments or satellites may 
easily become obliterated, and failure to see them cannot be positive evidence of 
their non-existence. 


In some polyploids a slight degree of somatic pairing occurs in mitotic cell 
divisions. This phenomenon has been described by several authors, e.g. Gates 
(1911), Jaretsky (1928b) and Beasley (1938), and is often found to occur in 
polypoids. 
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Meiosis jn Diploids—The meiosis of most diploids is normal, and 
pairing is complete. In the diakinesis the members of each pair lie side by side 
without any evident connection existing between them. 'This has also been 
recorded by Beard (19387), and is the result of the terminalization of chiasmata, 
the connections being stretched and all but invisible. The diakinetic chromosomes 
therefore have a ring-shaped or sometimes a V-shaped appearance. A few bivalents 
retain median chiasmata and are therefore X-shaped. In the first metaphase the 
partners associate closely. 


Meiosis in Polyploids—Tetraploids are of most fredguent occurrence among 
the polyploids, and most possess two or four homologous or partly homologous 
sets of chromosomes, as duadrivalents and bivalents occur on the metaphase 
plates of the first reduction division. The freguency of the formation of duadri- 
valents varies in single plants. This may be due to differences in the duration 
of the prophase and to the number of chiasmata formed. Many of the dguadri- 
valents in the metaphase are ring-shaped, showing the four chromosomes 
associated at their ends. Such configurations are the result of the terminalization 
of chiasmata in the diakinesis (Darlington 1931). Other configurations of guadri- 
valents also occurred in tetraploid Mesembryanthemeae, but is was impossible to 
determine in what way the four chromosomes were associated. 'The rare 
occurrence of octavalents in the hexaploid Ruschia species points to the fact that 
segmental interchange may have taken place. 


The reduction division in tetraploids where only bivalents occur is normal — 
the disjunction of the chromosomes in the first anaphase is even, and each spore 
possesses 18 daughter chromosomes. The disjunction of duadrivalents, especially 
ring-shaped duadrivalents, is often even, so that spores with 18 chromosomes 
occur. Sometimes, however, one member of a aguadrivalent passes to one pole and 
three to the other, the result being that two spores possess less than 18 and two 
more than 18 chromosomes. It is uncertain whether such spores are able to 
function in the Mesembryanthemeae, although one aneuploid seedling of Gibbaeum 
veluliinum was found. The disjunction of chromosomes in triploids is always 
uneven. 


Lagging chromosomes were seen in a number of cases, especially in triploids, 
hexaploids and in some tetraploids. The chromosomes lagging in the first anaphase 
are univalents which have failed to pair. Later they are either incorporated in one 
of the anaphase nuclei, or remain on the spindle and form one or more small 
nuclei, e.g. in Cheiridopsis aspera, and Gibbaeum velutinum, or they divide in the 
first anaphase into chromatids, these being incorporated in the interphase nuclei, 
e.g. in Aridaria brevifolia and A. notha. 


In the second reduction division the chromosomes which had already divided 
into chromatids, were found to lag again. They were either enclosed in one of the 
daughter nuclei, or were left in the cytoplasm where they disintegrated e.g. in 
Aridaria notha, or formed more small nuclei, e.g. in 4. subpatens. 


Dyads were observed in Eberlanaia hospitalis, Aridaria splendens, Gibbaeum 
velutinum and rarely in Aridaria notha and A. guaterna. These dyads are larger 
than the normal spores and contain the unreduced number of chromosomes. They 
are formed in polypoid Mesembryanthemeae after only partial pairing, whereby 
the two groups of chromosomes in the first telophase are connected by many 
laggards. Or they are formed after a ,semi-heterotypic” division (Rosenberg 1917, 
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1926), where no pairing occurs, all the chromosomes being scattered over the 
spindle. The result of these abnormal first reduction divisions is that all the 
chromosomes are included in one unreduced interphasic nucleus. In the second 
division the daughter chromosomes separate normally, forming two unreduced 
spores. It is not improbable that polypoids may have originated in the Mesembry- 
anthemeae by means of such unreduced gametes. 


Auto- and Allotetraploids—It has been found impossible to determine whether 
polyploids found in nature are allo- or autopolyploid, e.g. Resende (1937) was 
unable to determine the kind of polyploids in Haworthia, because all the chromo- 
somes were egual in size. In this investigation the same difficulty has been 
encountered. When chromosomes differ morphologically so that individual chromo- 
somes can be recognized, an investigator would be able to determine if there are 
two or more homologous sets in the complement. However, the fredguency of the 
formation of multivalents may indicate to which class they belong. A tetraploid 
species may be considered as autotetraploid if duadrivalents occur often. The 
following species freguently show auadrivalents and probably are autotetraploid: 
Aridaria motha, Cheiridopsis acuminata, Cephalophyllum Pillansii, Delosperma 
litorale, Gibbaeum Schwantesii, G. velutinum, Hymenocyclus purpureo-croceus 
(4-ploid), and Ruschia klaverensis. R. connata and R. kakamasensis may be auto- 
hexzaploids. 


Tetraploids with regular pairing in which only bivalents are formed, are: 
Cephalophyllum Herrei, Cheiridopsis Pillansii and Ch. purpurea. These may be 
allotetraploids or autotetraploids, as the absence of guadrivalents does not prove 
the non-homology of the four sets of chromosomes. Miintzing (1936) has found 
that an autotetraploid species may form no aguadrivalents if the chromosomes 
are small and the chiasma #freguency therefore low. 


The formation of duadrivalents was jinfreguent in a number of 
species. They are probably also autotetraploid in which the formation of 
many duadrivalents was limited perhaps by the small size of the chromo- 
somes. Or they may have been formed by the duplication of chromosomes 
in slightly heterozygous diploids, perhaps described as separate species by keen- 
eyed systematists, or as single species by others. 


Gigas characters do not occur often in the polyploids. They have been 
found in the tetraploid Rhopalocyclus Herrei, where the flowers, fruits and seeds 
are larger than in the diploid R. Nelii. Ruschia addita is a species with diploid and 
polyploid individuals; the polyploid is vegetatively more robust and the fruits are 
larger. The p.m.cells and nuclei of polyploid Mesembryanthemeae have been found 
to be larger than those in closely related diploids. 


The freguent occurrence of polyploids in the sub-family points to the fact 
that evolution of new species is occurring through polyploidy in this group, either 
through a duplication of chromosomes in hybrids or through intraspecific chromo- 
some races. Anderson (1937) considers polyploids to be hardier and stouter than 
their diplold parents, and to have a wider distribution. Hagerup (1932) suggests 
that polyploids may be able to grow in environments where their diploid parents 
are unable to survive, because they may be better fitted to extreme conditions. The 
effects of the environment as the cause for the formation of polyploids in the 
Mesembryanthemeae cannot be excluded. It may be that polyploids have a better 
chance of survival than their diploid parents in the arid habitats. But 
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unfortunately the data concerning the geographical distribution of most species 
of the Mesembryanthemeae are still so scanty, that it is impossible to state whether 
the polyploids occupy more extensive regions and whether they are better suited 
to their environments than the diploids. 


Hybrids.—It is impossible to decide if a plant is a hybrid by investigation of the 
meiosis only. Irregular reduction divisions in a polyploid, e.g. partial failure of 
pairing, the occurrence of lagging chromosomes or the formation of dyads, do 
not prove the hybrid origin of the plants. If multivalents occur at the same time, 
the plant may be autopolyploid. However, irregularities in the reduction division 
of a diploid species may indicate that the plant is a hybrid, although on the other 
hand, hybrids occur which possess two sets of partially homologous chromosomes, 
and therefore a regular reduction division. 


The following diploids showed irregularities in the reduction division and 
may be hybrids: Mesembryanthemum rubrum and Hereroa granulata. The hybri- 
dization may have taken place while the plants were under cultivation in the 
garden. 


Aneuploids.—Aneuploidy, which usually occurs between genera rather than 
between species (Manton 1982), was not found in the Mesembryanthemeae except 
in one seedling of Gibbaeum velutinum, Which was unfortunately allowed to die 
after its root tip had been removed for investigation. It is therefore uncertain 
if this seedling would have developed into a normal plant showing the character- 
istics of G. velutinum. This seedling probably arose as the result of irregular 
disjunction of the chromosomes in the reduction division in the parent. 


Propach (1934) found n—lI10 in Mesembryanihemum aberdenense and this 
is the only record of a mature aneuploid plant in the Mesembryanthemeae. He 
further investigated the chromosome numbers of twelve species of this sub-family 
and found five to be diploid (n — 9) and seven to be tetraploid (n — 18). Sugiura 
(19389; Tischler, 1936) examined six species of the Mesembryanthemeae and found 
them diploid (n —9). Hagerup (1931) investigated the chromosomes of three 
Trianthema species which belong to the sub-family Mollugineae (Pax and Hoffmann 
1934) and found n—8 in T. pentandra and T. polysperma, and n—l14 or 16 in 
T. crystallina. Aneuploidy therefore occurs between the tribes Mollugineae and 
Mesembryanthemeae. 
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LIST OF CHROMOSOME NUMBERS 


Name of Plant 
Argyroderma Villetii LBol. 
Aridaria brevifolia L.Bol 
A. notha N.E.Br. 
A. pentagona LBol. .. 

A. auaterna L.Bol. 

AN tioida NEBr .. 

A. splendens Schwant. .. 

A. subpatens L.Bol .. 

A. viridiflora L.Bol. 

Carpanthea pomeridiana N.EBr. .. 
Carpobrotus deliciosus L.Bol. .. 

EG edulis NBRBr... 

C. Juritzii L.Bol. .. 


Cephalophyllum aureorubrum L.Bol. .. .. 


C. Framesii LBol. .. .. 
C. Goodii L.Bol. .. 


C. Herrei L.Bol. var. decumbens I.Bol. .. 


C. Pillansii L.Bol. .. 
Cheiridopsis acuminata L.Bol. .. 
. aspera L.Bol. .. 

. Pillansii L.Bol. 

. purpurea L.Bol. 


. Uumdausensis LBol. .. 


TOT OO OO 


. velutina L.Bol. .. 


Conophyllum Herrei L.Bol. .. .. 


Haploid number 


Eonophyium dayum NBBT. .. se se os ee 


Cylindrophyllum calamiforme Schwant. .. 


Delosperma crassum L.Bol. 
D. Ecklonis Schwant. 
D. litorale L.Bol. .. 


Dorotheanthus criniflorus Schwant. 


Drosanthemum autumnale L.Bol. .. .. .. 


Eberlanzia hospitalis Schwant. .. .. si se 


Faucaria Bosscheana Schwant. 
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9 
18 
18 
18 
54? 


Diploid number 


18 


36 


18 


18 


Name of Plant Haploid number Diploid number 


F. eradockensis T.Bol. EE. AE ML 18 

F. ielingsvard dames T.BoL AA EE 9 18 

Gibbaeum pubescens N.EBT. .. ee ke oe 9 

G Seliwanvesii miseh NA ENG 18 

Gelant chwanb RE 18 36 

Glottiphyllum arrectum NEBY. .. .. .. se 9 

GEOMPessmII Bol. RI RT. 9 18 

Hereroaerassa Bol . .. EE 18 

Hi dolbruormisi Bol... 18 

H. gracilis L.Bol. .. 9 18 

H. granulata Drt. et Schwant. .. .. 9 

Hymenocyclus flavocroceus Schwant. .. .. 9 18 

H. Herrei Schwant. .. 9 

HBH. iteus. Sehwaat EN ER EE 9 18 

H. purpureo-croceus L.Bol. (triploid) .. .. .. 2n — 21 21 
” (tetraploid) .. .. 18 36 

Leipoldtia Britteniae L.Bol .. .. se ES ee 18 

L. Nelii L.Bol. Es ae EO TE 9 

Tuithops- Lesliei -N.EBY. N os ke ER. L8 

E. Martihae Loesch et Tisch .. . EE 8 

1, pseudotruncatella NEBr, .. .. .. HE 18 

Machairophyllum minor L.Bol. 9 

Mesembryanthemum aureum LL... .. es se 9 

MY GompIoNI T.BOl. .. 9 

M. longifolium L.Bol. .. .. 9 

M. Pittenii L.Bol. .. 9 

NM. reptans Aile sae EE oe oa EA ON 18 

M. rubrum L.Bol. .. 9 18 

M. Watermeyeri L.Bol. .. 9 

Meyerophytum Meyeri Schwant. .. 9 

Mitrophyllum mitratum Schwant. .. .. 2. 9 

Odontophorus Marlothii NE.Br. .. 9 18 

Pleiospilos Bolusii N.EBr. .. 9 

P. compacta Schwant. .. SEE 9 

PANelii schwanti me RR  E. BAR. EE. 18 


P similaps NEBrie EE 9 
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Name of Plant Haploid number Diploid number 


P. willewmorensis DBol :. so se ss se ie 9 
Rhinephyllum macradenium LBol .. .. .. 9 
Rhopalocyclus Herrei Schwant. .. .. .. 18 


R. Nelii Schwant. .. 
Ruschia addita L.Bol. (diploid) 


” (polspled) EE 549 
R. connala 1.Bol. .. .. Ni ME ee BE eed es pyl 
BA erssa Sehwant. EO dd ER 9 
BR Hloribunda T.Bol. . oa SE oa 18 
EA vide Bol AS AE EE de 9 
R. hexamera var. longipetala L.Bol. .. .. .. 9 18 
Fo  kekamasensis T.Bol. sm ie HEL ie 1 
BR karrachapensis L.BOL. .. ss ER Ee se ts 9 
Ed Kloverensis Bol . OE ea ET ee oe 18 
R. longifolia LBol. 
R. solida L.Bol. 18 


Stomatium Fulleri L.Bol. .. 


9 
ed. 9 
Schwantesia Herrei L.Bol. .. .. .. ee 9 
9 
Titanopsis calcarea Schwant. .. 9 


Vanzijlia angustipetala NEBIY. .. .. ,. ss se 18 
V. rostellum L.Bol. Ai OOR 2 n Pe 18 
SUMMARY 


1. Meiotic divisions of the p.m.cells in thirty-three genera show that the 
fundamental chromosome number for the Mesembryanthemeae is 9. Diploids, 
tetraploids, a few hexaploids, a triploid, an octoploid and a very high polyploid 
oceur. In two species intraspecifie chromosome races have been demonstrated. 


2. Suggestions are made as to which species are autopolyploid. 
3. No aneuploids have been found, except one seedling. 


4. Somatic divisions have been investigated in some species to confirm the 
results of the reduction division. 


5. The chromosomes are small and are uniform or nearly uniform in size 
tproughout a complement, except in one species. But the chromosomes in some 
genera are slightly larger than those in other genera. Many show median or 
sub-median centromeres. 


6. A few of the plants examined show, by the irregularities found in the 
reduction divisions, signs of hybrid origin. 
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1. As the polyploidy is interspecific and not intergeneric, this investigation 
does not elucidate intergeneric relationships, but shows that some species, found 
to be diploid, are more primitive than other closely related species found to be 
polyploid. 


1 wish to express my sincere thanks to Prof. G. C. Nel, under whose supervision 
this investigation took place. 
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